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Cologne, the third city Prussia respect population, has, in- 
the suburbs, over 300 000 inhabitants. 

consequence the demolition the old fortifications 1881, 
and the establishment new boundary about 500 640 ft.) dis- 
tant from the old one, Cologne has grown very rapidly the last 
years, the increase population being about Not merely its 
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population, but also its extensive business interests and the commer- 
cial activity its inhabitants, place Cologne the head the cities 
the western provinces Prussia. 

The commerce Cologne partly that the Rhine, about 
500 000 tons per annum; but far more important that the railroads 
centering there. 

Cologne the terminus three important railroad systems, 

The the right bank the Rhine (to Holland, Hamburg, 
Berlin and the North). 

The lines Aix-la-Chapelle and Crefeld (to Belgium, Holland 
and England). 

The lines Bingen and Trier (the principal connection with the 
South). 

The traffic these lines was the old arrangement provided for 
two tracks through the main passenger station and few sidings. 
Since these tracks had essential enlargement for years they 
were inadequate accommodate the increasing traffic. present 
passenger trains depart daily from the main passenger station, and 
arrive; these must added many freight and The 
annual passenger business may estimated about 000 000 persons, 
which 000 000 can counted the city. Since almost all 
trains are made Cologne, and few pass through, the large 
through traffic must also provided for, and astonishing that 
was possible this long the old station systematic 
manner. 

second unfortunate condition the old railroad tracks lay 
numerous grade crossings streets. was, course, understood 
that the new construction work these should abolished 
avoided. 

Concerning the freight traffic the condition things was similar, 
particularly because extensive through traffic was controlled here. 
the freight and switching station, Gereon, the switching reached 
the total annual amount 000 000 cars, and active seasons more 
than cars were switched during hours into their respective 
places. But this was the limit possibility, while the traffic contin- 
ually kept increasing. 

All these circumstances demanded alteration the layout, and 
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this indeed had been planned years ago the former 
owners the railroads, the Rhine Railroad Company and the Cologne 
and Minden Railroad Company. consequence the purchase 
the lines the Prussian Government 1880, the opportunity for 
this rebuilding and improvement was materially hastened, that 
1883 the necessary funds were voted the Prussian House 
Deputies. 


the time when the preparation the plans for the new system 
was begun, the demolition the old fortifications, order extend 
the limits the city, was progress. 

consequence this, the question arose whether the main pas- 
senger station should remain its old location near the cathedral 
should transferred the new part the city. Several plans and 
estimates were made, but the final decision was favor the old 
this condition and that the avoidance grade 
crossings, elevating the tracks above the streets, the entire plan 
was subordinated. There were many difficulties carrying out the 
second condition, particularly with Eigelstein Street, back the pas- 
senger station. This street had depressed about (6.5 ft.), 
and the tracks were laid the Rhine Bridge grade 275, 
while the entire tracks the station were laid grade 400, 
order give the necessary heading 4.65 (15.2 ft.) above the 
surface Eigelstein Street. 

the other parts the lines the steepest grade the main track 
200, and the smallest radius 300 (984 ft.). 

Inside the former city limits the old roadbed was utilized and 
widened, that instead the former double track three double tracks 
could laid. One double track devoted the trains toward 
Bingen and Trier, another those toward Aix-la-Chapelle and Crefeld, 
and between these are two tracks for the connection the main sta- 
tion with the station” (Betriebsbahnhof). 

the traffic station the empty passenger cars are side-tracked and 
cleaned. There all the business connection with fast freight traffic 
and with the through mails conducted. 

Hence, the old city the railroad consists six tracks which are 
supported viaduct elevated substructure. Outside the old 
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city, account the less value land, earthen embankments are 
used for the roadbed. 

The tracks the Aix-la-Chapelle and Crefeld line soon leave the 
limits the city and join the old line, while those the Bingen line 
are laid close along the new ramparts until they join the old road. 

the last-mentioned line there are two passenger stations, West 
Cologne and South Cologne. 

For the freight traffic there was erected large freight and switch- 
ing station, partly the location the old freight station. This 
made accessible the trains from and Bingen and Trier 
branch connecting with the stations West Cologne and South Col- 
ogne. For the lines toward and Crefeld the freight 
tracks branch off near the ramparts the point where the main 
tracks diverge these two places. For the traffic the right bank 
the Rhine, connection made Gladbacher Street near the 
passenger station, West Cologne. 

replace the old freight station, Pantaleon, new freight station 
was erected South Cologne, near the passenger station that name. 
For the connection between the freight stations Gereon and South 
Cologne there special third track, which later will extended 
the improvements now progress along the harbor. 


(a) Reception and Waiting Buildings (Plates IV, 
following fundamental conditions are established for the larger the 
new passenger stations the Prussian railroads: 

are not allowed cross the tracks. 

2.—The movement baggage and mails different plat- 
forms passages from that passengers. 

3.—The distances traveled over the station passengers 
the shortest possible, regard being had ascents and changes di- 
rection. 

The conditions and could fully satisfied the main pas- 
senger station Cologne, but could only far the relations 
the surroundings allowed. the train shed the tops the rails are 


* At the World's Columbian Exposition, in Chicago, the architectural plans for this pas- 
senger station have been placed on exhibition by the Prussian Minister of Public Works. 
Also a model of the large train shed is exhibited by the Union Company, of Dortmund, 
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about (13.1 ft.) higher than the ground front the station it- 
self. prominent dome indicates the passenger the door the en- 
trance hall. The dimensions this, (134 ft.), 
are such that, immediately entering, the ticket offices are seen 
both right and Moreover, the right package-room, and 
the left, rooms for the police and for the change foreign money. 

Directly beside the entrance hall the left the spacious bag- 
gage-room. The toilet-rooms for men ard women lie between the 
entrance hall and the passage tunnel which leads under the tracks 
Maximinen Street. The traveler passes half way through this tunnel, 
mounts flight steps and arrives the waiting-rooms. 

The waiting-room building contains the main floor the wait- 
ing-room for first and second class passengers, and that for third and 
fourth class passengers; dining-room situated between them; two 
ladies’ rooms with lavatory rooms for royal passengers, and few 
offices for employees (Plate 

The kitchens and pantries for the restaurants are upper 
floor, while the cellar underneath the waiting-rooms space for 
storing provisions. the main floor, beside the waiting-room the 
first and second class passengers, buffet-room connected lift 
with the kitchen above. The cellar underneath the waiting-rooms 
connected with Maximinen Street special tunnel. 

For the passengers arriving from the west side the Rhine 
special exit tunnel has been provided underneath the tracks. the 
end this tunnel the traveler comes the left the baggage-room, 
and the right the package-room, toilets and lavatories. More- 
over, near the baggage office are found some rooms for railroad officials, 
also hospital room for the reception sick wounded persons. 
this northwest wing are found the same level the platforms 
two waiting-rooms for arriving passengers. The story above re- 
served for the servants the restaurant keeper. 

For through passengers there are also two larger toilet-rooms 
the end the siding for the lines the east the Rhine. 

the extreme eastern end the platforms, the reception build- 
ing, are the rooms for royal personages. The vestibule, which lies 
somewhat lower, accessible few steps leading from the street. 


Between the rooms for royalty and the entrance hall rises the clock 
tower. 
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The baggage carried from the baggage-room means bar- 
rows through special tunnels parallel those used passengers, and 
raised hydraulic lifts the baggage platforms. All these tunnels 
lead through Maximinen Street; they are arched passages beneath 
the tracks, which will part rented, but which will continue 
used the ticket and baggage service until the reception build- 
completed. these tunnels are also placed the dynamos for 
the electric lighting and the pumps for the hydraulic accumulators. 
The boiler house for these machines located Maximinen Street. 

The front the reception building entirely constructed Sile- 
sian sandstone. 

All the roof structures large span are built iron. The 
ceilings the entrance hall, baggage-room and exit hall are also sup- 
ported iron girders different depths. These form rectangular 
panels which are filled with corrugated iron. The corrugations being 
different directions different panels, and the plates being partly 
arched, striking ceiling pattern formed. 

The waiting-room building built iron-work with glazed brick 
and terra-cotta intermingled. architectural comportment the rear 
the reception building also ornamented with glazed brick, while 
the roof likewise iron. 

All floors are solidly formed iron girders with béton arches 
turned between them. 

The rooms the entrance building and the waiting building 
are heated low-pressure steam; the boilers for this purpose are 
arched room underneath the tracks Maximinen Street. great 
part, however, the exhaust steam the plant which drives the dy- 
namos and pumps utilized for heating. 

Tracks and the Movement Trains (Plate each side 
the long waiting building lie two main tracks, between which 
isolated platform (180 breadth. Two other pair tracks 
terminate this platform from each end, thus forming three pro- 
jecting platforms. Further, there exist both Maximinen Street 
and the front means exit. This arrangement was advantageous 
for Cologne, because nearly all trains are there made up. track 
has one platform for the passengers and another for the baggage and 
express. The tracks are spaced apart from 8.5 9.5 (27.8 
ft.) when baggage platform lies between, and about (39.3 ft.) 
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when passenger platform lies between. All the tracks are covered 
train shed. 

The outside tracks, whose platforms are not directly connected 
with the middle one, are for freight trains, and for those loca] trains 
which are not used passengers going far from the city. 
ing connections are arranged that each track can used both for 
incoming and outgoing trains many directions. 

both sides the station are signal offices from which the signals 
and switches are operated. Each track has signal for both outgoing 
and incoming trains, and the same true for each the main lines. 
Each signal office under the charge official who has control 
the departure and entrance the trains. The two signal offices are 
nevertheless far interdependent that the signals for the through trains 
the main track can only given the common consent both. 

For the mails there special passage between the exit tunnels and 
Eigelstein Street which connected with each baggage platform 
hydraulic lift. This tunnel passes under Marzellen Street and termin- 
ates the main post office, that the mail and express matter and 
from Cologne easily handled. 

After the passengers and the mail for Cologne have been unloaded, 
the empty train, inclusive postal and express cars, moves the 
traffic station where the business transferring through mail and 
express matter done. 

The lighting the main passenger station general elec- 
tricity, but the offices are lighted gas. 


(c) The Train Shed (Plates VII, and train shed has 
length 255 (837 ft.) and breadth (292 ft.), covering 
area round numbers (238 970 sq. ft.). The following 
table gives comparison with the other large train sheds Europe: 


| 
Train Shed Feet. Feet, Feet, Square 

Frankfort-on-the-Main train shede)... 600 184 336 340 
837 292 79 238 970 
pec 430 194 89 83 620 
Anhalt in Berlin...... ° 550 199 112 109 630 
Midland, Manchester. 118 210 
520 | 198 | 90 103 080 
Pancras, London...... 705 243 100 171 260 
Cannon Street, 190 108 124 870 
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The cross-section the train shed formed three spans, mid- 
dle span 63.9 (209 ft.) and two side spans 13.4 (44 ft.). The 
height the middle part (79 ft.); this was made especially 
low account the proximity the cathedral. The trusses the 
central span are formed arched girders pairs, the two each 
pair being 0.8 (2.5 ft.) apart, and united both horizontal and 
diagonal braces. The ends the arches are hinged pins, and are 
supported narrow horizontal bedplate which restrained from 
moving horizontal direction. 

The single trusses are for the greatest part their length built 
lattice girders, but from the ends height (6.5 ft.) they have 
solid webs. The flanges have section, and these the double 
diagonals are directly riveted. Upper and lower flanges are symmet- 
rical. The distance apart the trusses 8.5 (27 ft.) from center 
center. The roof covering supported iron purlins 
section, which rest the upper flanges the trusses. The 
connecting joints are arranged that they transmit only vertical 
forces, the purlins being able change length under changes tem- 
perature. This effected having every other panel where the wind 
bracing connected continuous purlin with projecting ends which 
the intermediate shorter purlins are joined rivets oval holes. 

The wind bracing consists round steel rods which carry the wind 
pressure any truss the masonry abutments. 

The trusses support spandrel structure each side, the walls 
which, above the side spans, are glazed throughout their entire 
extent. light the train shed more completely upper construc- 
tion (115 ft.) wide extends over the whole length with the excep- 
tion the two end panels. This upper construction formed 
single small saddle roofs which extend right angles the length 
the shed, and longitudinal window lights along the ridge. 
The side surfaces formed raising these above the ridge form ven- 
tilating For the same reason the covering above the trusses 
slightly raised above the rest the roof, that side openings are 
formed where smoke and dust may have exit. total, the openings 
for ventilation have area 1600 sq. (17 200 ft.). 

The ends the train shed are enclosed framing attached the 
end trusses and have ornamented windows. The wind pressure acting 
upon these ends transferred downward special girder. 
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The end trusses have breadth 4.1 (13.4 ft.), the others being 
only 0.8 (2.5 ft.). The end truss and the two trusses next are 
both ends the train shed, connected together continuous pur- 
lins and diagonal members, thus forming rigid system, which 
firmly connected for length (68.8 ft.) tothe end abutments, 
but which allowed motion the other four abutments under expan- 
sion from temperature. 

The trusses the side spans consist arched girders, the lower 
chord which elevated that the pressure line the upper chord 
under uniformly distributed load has the same circular form the 
chord itself. Against unsymmetrical arches have moment 
resistance amply sufficient. 

The roof covering supported beams. the crown each 
side span there longitudinal which serves both for lighting 
and for ventilation. All the roof covering corrugated iron. 

The glass the roof-lights has thickness mm. (0.24 in.). 
The glass plates extend the entire width the opening, the edges 
lying upon galvanized iron gutter plates, and are connected screws 
passing through springs between them. order avoid 
stresses the glass, pieces felt are placed between and the springs, 
and the felt protected from dampness being wrapped tinfoil. 

each end these upper windows the direction the length 
the train shed placed ladder which, one side the building, 
connected with steps leading downward. 

The erection the train shed was done under difficulties, since the 
work had carried without disturbing the movement trains 
and passengers the tracks and platforms below. For erection 
staging iron structure 38.85 (127 ft.) span was provided which 
had three trusses 5.5 (18 ft.) apart; these were firmly united 
diagonal and lateral bracing. This staging was supported pair 
wheels track each side, that could easily moved 
the direction the length the building the work advanced. The 
staging was managed that did not any way hinder the tem- 
porary structures the erection the waiting-room building. 

The movement the staging, whose weight was about 140 tons, 
was effected very simply laborers with crowbars each side, 
the time required move from one truss the next, distance 
8.5 (27 being from minutes. 


286 LOHSE RAILROAD TRACKS AND STATIONS, COLOGNE. 


The total weight the iron-work the train shed, exclusive 
corrugated iron, about 130 tons 900 500 This amounts 
160 kg. per square meter (32.8 lbs. per square foot) floor area for the 


large span, and kg. per square meter (18.40 per square foot) 
for the side spans, the latter including the iron-work the side wall 
Maximinen Street. 


The passenger stations West Cologne and South Cologne, which 
lie the main line Bingen, are arranged similar way. 

The station West Cologne receives its traffic from that part 
the city, present not thickly populated, and from the large village 
Ehrenfeld. 

The station South Cologne replaces the old station Pantaleon, 
and already has considerable business, since its location favorable 
for the southern part the city. 

The streets adjacent these stations have their surfaces about 
(16.4 ft.) lower than the tracks. The passengers pass from the front 
the station into the entrance hall the same level, which are 
found the ticket office, baggage-room and toilet arrangements. 
flight steps, (9.8 ft.) width, leads the platform between 
the main tracks, which, for distance 400 312 ft.), are spread 
(46 ft.) apart for this purpose. the south end this plat- 
form small waiting-house, and the other end the train shed 
narrow for the station-men. This platform and the tracks are 
covered arched train shed 19.5 (63 ft.) span and (197 
ft.) length, the sides which are formed iron columns walled 
between with brick. 


Trarric 


The traffic station lies the junction the lines 
and Bingen. Its principal use for storing empty cars, and con- 
nected with the main station two tracks. Besides the tracks for 
empty cars, the traffic station includes the following: 

First.—A car shed for cleaning the empty cars. 

Second.—A shed for free and customs fast freight. 

Third.—The place for transferring the through mails. 

Fourth.—A round-house for passenger locomotives. 
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The car shed about 125 (410 ft.) long, and has four tracks 
placed 4.7 (15.4 ft.) apart upon which cars are stored and cleaned. 
The walls are formed iron bracings. 

The freight shed has one part for free and another for customs 
freight. That for the free, non-dutiable, freight has unloading 
scaffolds shaped like saw teeth plan, that each diagonal face 
three cars can handled. front the shed are four such scaffolds 
platforms; moreover, the rear the shed are several others roofed 
over. this arrangement the cars the side any given scaffold 
can easily and quickly taken away locomotive without disturb- 
ing the other cars front the shed. This arrangement has proved 
excellent one. The shed itself built wood; all the saw- 
tooth-shaped scaffolds are covered the projecting roof. The 
neighboring shed for fast freight matter accessible turn-table. 
the end this structure office building for those who have 
the conduct this business. 

The ground around the freight shed connected with the neigh- 
boring streets the city approach having grade 30. 

The location for the handling the mails connected with the 
traffic station bridge over the west-bound freight tracks. The 
arriving postal cars are run upon track over this bridge from which 
they are brought the special platforms where the mail matter 
transferred into different cars for different directions. 

The locomotive round-house has room for locomotives, and 
reached two turn-tables. The rear semi-circular wall brick, 
while the front columns, the doors and the roof consist iron. The 
supplies coal for the passenger locomotives are brought small 
coal cars (so-called dogs”) which are lifted crane and dumped 
into the tender. 


(a) The Freight Yards.—The Station Gereon serves part for the 
through and part for the local traflic, but the former far the 
more extensive. 

About freight trains arrive and depart every day. Almost all ar- 
riving trains must made again, and hence much switching 
necessary. 

The main freight line, which departs toward the north and west 
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after traveling out from the south-bound line, divides the Station 
Gereon into two parts. This not good solution the problem, 
but was demanded the local circumstances. 

consequence the freight station, was thought 
best use the tracks south the main line for the trains 
toward Aix-la-Chapelle and for the local traffic, and those lying 
north the main line for the trains toward the south and for the 
traffic the right bank the Rhine. Thus the trains when made 
can move from their sidings without crossing the main tracks. 

Moreover, the north side the main tracks there another 
track for cars for South Cologne, the harbor and other local points. 

The tracks for departing trains are laid opposite the west 
For trains toward Bingen and Trier there are three tracks, and for 
those toward Aix-la-Chapelle and Deutz there are two tracks alongside 
the main line. Moreover, there special track provided for trains 
leaving for Deutz. general, arriving freight trains use the same 
tracks those leaving. 

the front end the tracks for departing trains there 
elevation 0.5 (1.64 ft.), which reached grade 
distance, the grade the other side being per cent. This 
elevation necessary order that the cars may easily uncoupled. 
The cars are not pushed off with shock, but the train brought into 
uniform velocity, and the cars move off corresponding manner. 
The velocity with which train can thus broken depends upon 
the intervals which the cars are detached. This interval must 
large that two cars which have the furthest distance run, and 
which are switched upon different sidings, may sufficiently far 


apart the end that distance that the last switch may easily 


thrown between them. 

But since loaded cars move faster than empty ones, and, the other 
hand, many cars move slowly account some defect (insufficient 
oiling, wear axles, attention must given this, and the 
velocity with which the cars are moved out must regulated accord- 
ingly. the construction switching tracks this kind the dis- 
tance which two cars have run before being switched upon their 
respective sidings should small possible. 

the Station Gereon possible during hours run out 
about 4000 cars from one these gravity tracks. However, few 


LOHSE RAILROAD TRACKS AND STATIONS, COLOGNE. 289 


horses are always used assist accelerating the movement the 
slowest cars, although the grades general are very well arranged. 
The summit these grades lies 3.60 (11.8 ft.) higher than the 
ends the tracks, these are the public loading street and the 
freight shed the level the neighboring streets. This differ- 
ence elevation is, with the exception the grade 
and curves, and grade 500 through the rest the station. 
order arrange the cars train the order the several 
stations, number short tracks are placed each side the yard. 

The switches are mostly operated from elevated switch houses, one 
which has many levers. Such number must regarded 
busy times extraordinarily large for one man This 
switchman sees the number the track written upon the the 
and thus knows which lever turned. order that 
switches which are far distant from the switch house shall not 
reversed case car upon the switch rails, special pressure rails are 
provided whick prevent it. The cars are brought standstill 
means wheel skids, which are made very strong, since the wheel, 
held fast the skid, often slides along the rail distance 

Besides the two main freight tracks and the tracks for sorting, 
there are also two tracks for the movement locomotives. Between 
the locomotive tracks and the main tracks, the northeast side 
the station, the siding for the cars which carry supplies about the 
station. The tracks for the locomotives are extended beneath the main 
line toward Bingen and under part the traffic station, terminating 
round-house, having room for freight locomotives. 

The arrangement this round-house similar that the 
traffic station. The locomotives are furnished with coal from the 
elevated coaling bins the traffic station, the coal cars arriving the 
traffic station being dumped into smaller coal cars standing level 
1.5 (4.9 ft.) lower. These small coal cars, each containing definite 
quantity coal, are, tipping, dumped directly into the tenders. 

The locomotives are supplied with water from the city water works. 
However, order that the supply may not fail case accident 
the city works, tower has been built near the round-houses. This 
tower supports reservoir, built according the system Professor 
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Intze, which contains 600 cu. m., and which placed 
such height that the locomotives the high elevated passenger 
round-house can also readily supplied with water. The reservoir 
has not been encased protect against frost, since there danger 
freezing when continual use. 

repair shop for the locomotives situated near this round-house, 
but extensive repairs are made one the main shops Cologne. 
For the smaller repairs the cars workshop situated the end 
the switching tracks. 

The Local Freight Business.—All the freight less than carload 
lots which arrives the Station Gereon unloaded, and this done 
the main freight shed. 

the year 1889 the local freight received Gereon averaged 168 
tons, and that shipped 184 tons, while 162 tons were transferred the 
freight shed. From these numbers seen that arrangements 
had made, accommodate many cars the shed. For this pur- 
pose there was erected front the shed system turn-tables, 
which lead the loading platforms. each side these platforms 
two cars can handled simultaneously. The shed has length 
200 (655 ft.) and breadth (131 ft.). total, cars can-be 
loaded unloaded the same time. The shed was made extraordin- 
arily wide order that freight which was unloaded special 
places should not have move too long distances. The shed has solid 
walls and high roof, covered with double thickness roofing felt; 
lighted throughout along the ridge and also each side gable 
windows between each pair trusses. Adjoining the shed for 
customs freight, which similarly constructed, and has room for 
loading and unloading cars similar way. 

Freight particularly liable take fire stored special shed 
the neighborhood Erft Street, which built entirely iron and 
corrugated metal. 

accommodate the public, number so-called loading streets 
are provided. The tracks these are separated 14.5 (47.6 ft.) 
apart. total, about 220 cars can loaded unloaded. 

Erft Street there are also cattle pens, but these are unimport- 
ant comparison with those now being built the city Cologne. 

The outdoor lighting the Station Gereon for the most part 
electric lights, while the offices and sheds are lighted gas. Since 
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the principal work making trains done night, care has been 
taken provide sufficient light. 


The freight station South Cologne served special track 
from the Station Gereon, but connection with the main track 
wanting. For this reason small articles freight are not sent directly 
South Cologne, although such are received the freight shed there. 
The principal business this station consists unloading carloads 
freight. the loading streets there are tracks both sides, 
(46 ft.) apart, that 160 cars can loaded and unloaded the same 
time. The station connected with the neighboring streets, whose 


surfaces are (13 ft.) deeper, approaches having grades 
30. 


The iron structures the street-crossings are partly arched 
trusses and partly plate girders. With the plate girders continuous 
spans are avoided. Girders with projecting ends, which support 
central span, are preferred. The joints where the independent span 
rests upon the projecting end are constructed that only very slight 
bending moments can transferred. the computation the 
arched trusses they are regarded having hinges the crown and 
the springing lines, but the hinge not actually inserted the crown, 
although has been the aim arrange the connection and the splice 
plate that hinge action may exist. secure thick floor, buckle 
plates were used. the middle the buckle plates hole, 
which the drainage led gutter. The buckle plates are cov- 
ered layer gravel about 0.3 ft.) thick, and upon this 
the iron crossties which support the rails are laid. 

order secure good light, the masonry walls are mostly faced 
with white porcelain tiles. 

The span the structure across main streets (65.5 ft.), 
while for less important streets (49 ft.). 


IX. Construction. 


already mentioned, the general plan for the reconstruction 
the railroads Cologne was 1883 far developed that that year 
the Prussian House Deputies appropriated the sum 500 000 
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marks ($5 900 000) for its execution. After the greater part the real 
estate had been purchased, 1885, construction was begun that 
part the work which was not connected with the old tracks and 
stations. particular this included that part the roadbed and the 
street-crossings along the new ramparts. the same time the 
tracks the old part the city were moved that half the ele- 
vated structure for the new tracks could built. this way was 
possible, the use several temporary tracks, bring into service 
two elevated tracks. the trains for the right bank the 
Rhine and those for Aix-la-Chapelle and Crefeld were brought upon 
these tracks, while those for the lines Coblenz and Trier continued 
run the oldroadbed. short time was possible bring 
these, also, upon the new elevated tracks and into the new station 
The entire ticket and baggage business was transferred temporarily 
rooms under the elevated structure Maximinen Street; waiting-rooms 
and offices for trainmen were temporarily put up, that the old 
reception building could torn down and the erection the new 
one carried on. The corner-stone the new reception building 
was laid May 7th, 1892. 

Meanwhile the new Station Gereon was built additions the 
old building, and brought into but the traffic and the small 
freight still remained the old station. this manner every foot 
ground which was taken from the old system had been previously 
replaced the new system, that the entire construction was carried 
step step and systematic order. 

the year 1892 there was appropriated 400 000 marks ($1 700 000) 
additional, for extensions unforeseen the original plans, that the 


entire probable cost 900 000 marks (about 600 000), divided 
follows 


Marks. 
Earthwork and elevated 2000000 
Bridges and street-crossings............ 4500000 


and forth. 


present the construction far advanced that the completion 
the entire work may reasonably expected the close the year 
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The execution the plans and the construction the new system 
was first done the Royal Railroad Board Cologne (left bank 
Rhine), under thedirection Ober-Bau und Geheimer Regierungs- 
rath Dircksen, long the work made but few encroachments upon 
the old system. But continual changes the movement trains 
were demanded, order facilitate the construction, the further 
development the plans and the conduct the work was trans- 
ferred the Traffic Office the General Manager 
which und Baurath Blanck. present Regierungs und 
Baurath Wessel has the direction the work, while the Bureau 
Architecture charge Bau-Inspector Weithmann, and 
that Engineering Construction charge Bau und Betriebs- 
Inspector Lohse. Among different engineers who have been engaged 
designs and construction shculd especially mentioned the 
Division Engineers Kiel and Baltzer. 

The plans for the reception building the main passenger station 
were made Professor Frentzen, while those the 
waiting-room building and the train shed are due Professor Jacobs- 
thal, Berlin. The latter has also been employed many other 
problems architectural kind. 


EXPLANATION THE More Important GERMAN THE PLATES 
Plate 
Haupt-Personenbahnhof.....Main Passenger Station. 


Cathedral. 
Betriebsbahnhof.......... Station (auxiliary yard 


Passenger Station. 
Haupt, Giiter und Verschiebe- 


Main Freight and Switching Station. 
Personen Haltestelle.........Local Passenger Station. 


Plate II. 


Eingangs-Halle.............. Entranee Hall. 
Fahrkarten-Schatter......... Ticket Office. 
Gepiick-Halle ............. Hall. 
Gepiick-Annahme............ Outward Baggage Office. 


Exit Hall. 
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Plate 


Wartesaal......... Waiting-Room. 
Dining-Room. 
Ladies’ Room. 
Waiting-Room. 
Station Master. 


Track. 


INSTITUTED 1852, 


TRANSACTIONS. 


Society not responsible, body, for the facts and opinions advanced 
any of its publications, 


612. 


(Vol, XXIX.—August, 1893.) 


THE REARRANGEMENT THE RAILWAY TERMI- 
NAL SYSTEM ALTONA, WITH SPECIAL 
REFERENCE THE AVOIDANCE 
GRADE CROSSINGS. 


Regierungs und Baurath, Member the Royal Board 
Railroad Directors Altona, Prussia. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


The two cities Hamburg and Altona, which unitedly have about 
750 000 inhabitants, are built nearly together that impossible 
tell where one city ends and the other begins (Plate II, Fig. C). From 
commercial standpoint they are therefore regarded one city. 

the plans for the reconstruction the railway terminal system 
and the line connecting the two cities, which longer met the 
requirements the times, was determined take the trains entering 
Hamburg from the directions Liibeck, Berlin, Hanover, Bremen and 
Cuxhafen further over the four tracks the Connecting Railway, 
and let them stop the Altona Terminal. this manner became 


all papers presented the International Engineering Congress 
will published the number for December, 1893. 
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possible distribute the passengers the various depots the Con 
necting Railway, discharge them near possible their dwell- 
ings, and relieve the main station portion the traffic. 
other hand, trains coming from the north, that is, from 
Flensburg and Kiel, and running into the Altona Depot, will carried 
for the very same reason over the Connecting Railway the main 
station Hamburg. All through trains, well the suburban 
trains from the above-mentioned lines, are use, the 
Railway, the two south tracks, while the two other tracks serve exclu- 
sively for the city traffic, and for the Blankenese traffic therewith con- 
nected. 


The depot Altona therefore: 
regard through traffic— 


The terminal depot for the lines entering from the direction 
Hamburg. 
through station for the northern traffic. 
Regarding the city traffic is— 
Terminal station for the purely city trains. 
station for the trains running between Blankenese 
suburb) and Hamburg. 
Since the main station Altona, for local reasons, had remain 
head, pocket, station, there resulted, through the chosen arrange- 
ment and the before-mentioned conditions trade, large number 
grade crossings tracks. These were considerably increased the 
fact that the northern tracks, outside the passenger depot 
Altona, switchyard had established, which all the freight 
trains the various lines terminate and begin their course; and that 
from the same, therefore, there had established the following 
independent connections (Plate I): 
the direction Hamburg with the through tracks the 
Connecting Railway, which, the same time, serve freight 
train tracks (A, Plate I). 
the direction Altona and its harbor, with the local station 
Altona and the harbor tracks (A, the plate). 
the direction Blankenese with the Blankenese passenger 
train tracks the plate). 
the northerly direction with the main tracks the northern 
line (J, the plate). 
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CAESAR RAILWAY TERMINAL SYSTEM ALTONA. 


Fig. Plate II, shows, exaggerated plan, what would have 
arisen had all the grade crossings been retained. follow partic- 
ularly the course the passenger trains, appears that the number 


crossings with main passenger and freight tracks would be: 
each train the tracks set apart for city traffic— 
From Hamburg, via Altona, Blankenese— 


From Blankenese, via Altona, Hamburg— 


each through train the southern tracks— 
From Hamburg, via Altona, the North— 


From the North, via Altona, Hamburg— 


Now, the train traffic upon both passenger and freight tracks, 
immediately upon completion the plan, will probably amount to— 


Passenger trains both directions together— 


Upon the Hamburg through tracks....... 200 trains. 
Freight trains and from the switchyard Langenfelde— 


Toward Blankenese 
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addition this, considerable increase traffic certainly 
expected. Under these circumstances, retain even part the 
above crossings appeared hazardous the regularity and safety the 
traffic. There was, therefore, arrangement tracks planned, such 
presented Owing the great extension the design, 
the lengths are drawn one-half scale compared with the width, and 
the drawing therefore appears distorted. The course the several 
trains indicated various kinds marks. 

may already seen from the above, was adhered prin- 
ciple the project that crossings grade two passenger tracks, 
well passenger and freight track, should avoided. The 
carrying out this principle was everywhere successful excepting the 
point where the freight track, leading from Langenfelde Bahrenfeld, 
crosses over into the two Blankenese main tracks. This point lies, 
however, just the Bahrenfeld Depot, and these level crossings did 
not appear hazardous view the infrequency the freight trains— 
only five each direction. 

For the attainment the before-mentioned object the preparation 
five, part very comprehensive, structures was necessary (see Nos. 
Plate I). Furthermore, the switchyard Langenfelde had 
placed between the two northern tracks. From the drawing the 
arrangement the tracks may sufficiently understood, and 
only necessary remark, that deviation from the usual rule, trains 
the city tracks from Structure Altona Depot, and upon the 
northward tracks between Structure and the Altona Depot, wiil run 
the left side track. 

The location the side and storage tracks for passenger trains 
between the through tracks—and, indeed, between the tracks from 
Hamburg and the north one hand, and the tracks from the north 
and Hamburg the other hand—further contributes essentially 
the obviation grade crossings that would occur hauling and 
and removing empty trains and from the six platform tracks, and 
increases materially the working capacity the improvement. The 
difficulty the project was essentially increased the fact that all 
street crossings grade had also abolished, and replaced 
over and under crossings. 


The project course construction and about half finished. 
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COMMON ROADS, RAILWAYS AND RIVER 
COMMUNICATIONS PORTUGAL. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


COMMON ROADS. 


Common roads highways are classified under the following heads 
First-class royal roads, second-class district roads, and third-class 
municipal roads. First-class roads connect Lisbon with the chief 
towns the districts and with the principal places the frontier. 
Second-class roads connect the above named and the cities and 
principal towns either with each other with the railway stations 
and river ports; and lastly, those the third class join the townships 
concelhos with each other with the preceding roads. The con- 
tinental part Portugal divided into administrative districts, and 
these into townships concelhos. 


all papers presented the International Engineering Congress 
will published simultaneously the number for December, 1893. 
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The following table shows the total and mean population each 
district the Continent, and its area square kilometers: 


Density of pop- 


Number of Area 
NaMeEs OF DISTRICTS, townships or in square | Population. — Fito. 

AVCITO,. 16 2 908.61 290 026 99.71 
14 10 871.28 165 528 15.04 
738.20 360 151 131.52 
BPAQANG®.....0+..ceccecees 12 6 669.33 189 592 28.27 
Castello Branco........... 12 6 621.03 208 836 31.54 
| 17 3 883.10 324 330 $3.52 
coves 13 7 087.83 121 134 17,09 
15 4 849.95 229 132 47.24 
14 5 556.63 266 225 47 91 
12 3 478.15 222 075 63.82 
27 7 049.30 613 956 87,11 
Portalegre .........0.000. 15 6 431.01 115 546 17,97 
18 2 292.07 552 865 241.21 
200.000 18 6 861.86 258 888 37.72 
Viauna do Castello.. ...... 10 2 243 44 215 518 96.04 
VES 14 4 447.23 239 695 53.89 
ee 26 4 922.25 404 203 82.31 

266 911.27 700 53.70 


The city Lisbon has 307 691 inhabitants, and Oporto, 141 924. 
was about 1852 that the road system began have greater 
development, and since that period July 30th, 1892, 427 km. 
royal and district roads, and nearly 850 km. municipal roads, have 
been constructed. 

The length royal and district roads the different administra- 
tive districts shown the table the next page, comparison with 
their area and population. 

The length the first and second class roads meters reckoned 
426 791; 690 632 being first-class, and 736 158 second- 
class, roads. The normal width the first-class roads 6.6 m., 4.4m. 
being for carriage-way and 2.2 for bermes; and the width second- 
class roads being for carriage-way and for bermes. 
These dimensions may enlarged the vicinity great centers 
marts, and close much-frequented railway stations. The maxi- 
mum gradient allowed for first and second class roads 5%, and 
the maximum radius junction curves, The width 
third-class municipal roads m., 3.5 being for carriage-way 
and 1.5 for bermes footpaths. The maximum slope allowed 
7%, and the maximum radius for junction curves. 
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The cost construction and maintenance first and second 
class roads defrayed the State, and the account the munici- 
palities belongs that municipal roads, the State contributing one- 
third the amount expended, strict sense, their con- 
struction. The corporations collect special revenues for municipal 


roads. 
Names oF DISTRICTS. 
For each square Per 1000 
Total kilometer. inhabitants, 
AVGIEO,..ccccccscseccccccceescs 537 895 184.90 1 854.60 
364 419 33.50 2 228.48 
Braga .....+ ocrceccccccces 610 927 223.10 1 697.00 
Braganga..... 366 698 54.98 1 933.50 
Castello Branco.............-. 561 093 84.70 2 686.70 
Coimbra........ eoccccoes 639 909 164.79 1 973.00 
Evora ..... cacesecccss 413 444 58.33 3 413.11 
Faro....... ecccaces 363 179 74.80 1 585.10 
Guarda...... scccccceces 501 598 92.07 1 884.09 
TAA. 451 010 129.00 1 296.98 
Lisbon........ 1 294 149 292.50 1 212.40 
Portalegre........ 410 487 63.82 552.58 
Oporto...... eovceccs 670 448 292.50 1 212.40 
573 442 83.50 2 215.00 
Vianna do Castello............. 388 821 173.30 1 808.40 
404 338 80.90 1 684.7 
515 447 104.70 1 250.50 
9 067 304 94.78 1 165.01 
RAILWAYS. 


December 1891, there were 283.274 km. working 
railways, 088.653 km. being broad-gauge and 194.621 km. narrow- 
gauge. 

The length broad-gauge lines under construction was 176.675 
km. 


the length railways open for traffic, 467.960 km. were worked 
and managed companies, and 815.314 km. the State. 
The lines worked companies are divided follows 


BROAD-GAUGE LINES. 


Kilometers. 


Lisbon Elvas the 275.599 
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Kilometers. 
Lisbon (Cacem) Torres Vedras......... 45.300 
Alfarellos branch line.......... 16.516 
Circuit line......... 12.856 

Berra Company. 
Kilometers. 


NARROW-GAUGE LINES. 


Oporto Povoa anp Nova Company. 


Kilometers, 

Company. 

Foz Tua Mirandella........... 54.679 

BROAD-GAUGE. 

Kilometers. 
Oporto (Ermezinde) Barca 191.766 
Casa Branca and Extremoz branch line.............. 78.080 
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LINES UNDER CONSTRUCTION. 


BROAD-GAUGE. 


Kilometers. 


All the roads are single track, with the exception the rail- 


from Lisbon Cacem, that Cascaes, and the Eastern line 


between Lisbon and the Entroncamento Gollega. The width the 
broad-gauge line 1.67 between the inner edges the rails. The 
building Portuguese railways began September 17th, 1853, and 
the first section open traffic was the one between Lisbon and Carre- 
gado the Eastern line. 

The technical and economic conditions the lines worked either 
companies managed the State are the following: 


Tue Eastern 


This line begins Lisbon (Caes dos Soldados) and follows along 
the bank the Tagus Abrantes, where bends towards Elvas, 
joining Badajos the Spanish line. traverses the administrative 
districts Lisbon, Santarem and Portalegre. Its technical conditions, 
both plan and profile, are condensed the following tables: 


ALIGNMENT. meters. total length. 
Curves with radius below 400 0.40 
from 400 500 m....... 0.90 
* §00 to 600 m 4.00 
700 800 m.... 3.60 
900 to 1 000 m 2.90 
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Length in | Percent. of 

Grape. meters, | total length. 
Grades Below 20000. 52 900 19.20 
from 0,001 to 70 500 25.60 
0.005 to 0 010 ............ 62 259 22.50 
0.010 to 0.012.... 13 400 4.90 
sid = 0,012 to 35 800 12.30 


The width formation level embankment 5.50 and 6.10 
cuttings. The road double track between Lisbon and the 
Entroncamento. has stations, including the one the junction 
with the Northern line; that Abrantes the junction with the Beira 
Baixa line, and that Torre das Vargens the Caceres embranch- 
ment. 

The Northern Railway begins the junction station the Eastern 
line, and traverses the administrative districts Santarem, Leiria, 
Coimbra, Aveiro and Oporto. Its technical conditions, both plan 
and profile, will found condensed the following tables: 


Length io | Percent. of 


ALIGNMENT. meters, | total length. 

Curves with radius below 400 m........... ‘00 ° 252.31 0.11 
from 400 to 500 m. 408 .05 0.19 

sed 500 to 600 m... «| 10 686.36 4.67 

600 to 700 m... 9 433.98 4.12 

ol 700 to 800 m....... 3 471.22 1.51 

900 to 1 000 m... es 9 683.91 4.22 


| Length in | Percent. of 
meters. | total length. 


GRADE. 


Grades below 0.001............000005 27 704.40 12.10 
se from 0.001 to 0.005.......... oe 0 68 600.00 29.97 
0.010 to 0.012...... 24 500.00 10.70 
0.012 to -+| 14 692.10 6.41 


Total...... 228 873.20 100.00 
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The width formation level the same that the Eastern Rail- 


way. The line has stations, including those Alfarellos and Pam- 
pilhosa, the first the junction the Figueira branch line, and the 
second belonging the Beira Alta Railway. 

The Eastern and Northern railways have been constructed the 
Royal Company, and are worked for period years the 
same, the State granting subvention 112 500 francs per kilometer 
for the Eastern, and 135 000 for the Northern, line. This line has 
five tunnels, measuring altogether length, and among its 
numerous constructive works the remarkable bridge Maria Pia over 
the Douro, with single arch 160 span and 37.5 rise, its 
being 61.30 above low water mark. 

Goods and Passenger number passengers conveyed 
the year 1890 this line was 676 692. The number kilograms 
goods transported high speed was 398 841, and low speed, 
759 402 879. The trains have third-class carriages. 

The general rates are: 0.1102 franc per kilometer for first class, 
0.0857 per kilometer for second class, and 0.00613 per 
kilometer for third class. 

The 343 km. run between Lisbon (Rocio station) and Oporto 
performed the mail trains hours minutes, and the 272 
km. run between Lisbon and Elvas hours minutes. 

The proportion passengers the different classes follows: 
first class, second class, and 71.49% third 
class. 

The gross earnings per kilometer the year 1890 amounted 
630.4 and the coefficient the working the line 34.98 
per cent. 


Caceres 


The Caceres branch begins kilometer 174.8 the Eastern line 
Torre das Vargens station, and following the route the frontier 
joins the Caceres and Madrid line. Its whole length comprised 
within the administrative district Portalegre. was built the 
Royal Company without any charge whatever the State. 

The conditions this line, both plan and profile, are 
condensed the tables the next page. 

The width formation level embankment and 5.5 
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cuttings. has five stations, including the one the commencement. 
the line. 


— Length in | Percent, of 

ALIGNMENT. meters, total length, 
Curves with radius ‘of 300 mn. 21 794.85 30.30 
aa from 300 to 400 m. oeesee 8 674.50 11.93 
** 400 to 500 m 9 178.4 12.76 
** 500 to 600 m........ oe 2 817.8 3.80 
“ 600 to 700 m 702.80 0.92 
= 1000 m.... ° 950.20 1.92 

Grave. | Length in | Percent. of 


meters, total length. 


18 536.6 25.93 
Grades from 0.001 to 0.005 ..... | 2 320.0 3.22 
* 0.005 to 0.008 ....... ee 8 358.4 11.49 
os * 0.010 to 0.012 ............ ° ° -| 10 518.0 14.63 
WD ese 8 241.3 11.47 
se 9 062.4 12.61 
és * 0.018 to 0.225 ....... 3 447.3 4.83 

| 


Goods and Passenger passengers conveyed the year 
1890 this line were 123, and the number kilograms goods 
transported were: high speed, 871 245; low speed, 509 735. 

The proportion the different classes 33°% for first class, 
for second class, for third class. 

The general rates this branch line are the same force for 
the Northern and Eastern railways. 


Lisbon Cintra.—The line from Lisbon Cintra begins Alcantara 
station, and follows the direction Cintra after its junction 
Campolide with the City line and Cacem with the Torres and 
Figueira Railway. 


| 
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Its technical conditions are condensed the following tables: 


Length in | Percent, of 
meters, total length. 


Curves with radius 432.10 1.50 

“ “ « 400 m.... 2 051.23 7.49 

“ “ « 600 m.... ° 1 132.74 4.14 

“ “ bene 598.43 2.18 


Length in | Percent. of 
meters, total length. 


Grades from 0.001 00 2 650.00 5.80 
2 2 275.00 8.31 

0.010 to 0.012,.... 5 145.55 18.79 


The width formation level 8.70 cuttings and 9.03 
embankment. The road double track between Lisbon and 
Cacem and has three tunnels, their total length being 705 

Lisbon (Cacem) Torres Vedras.—This line commences the Cacem 
station (kilometer 216.0 the Cintra Railway), its whole length 
being comprised within the bounds the Lisbon administrative 
district. The line was built the Royal Company without any charge 
whatever the State. 

Its technical conditions plan and profile are summarily contained 
the following tables: 


Length in | Percent. of 
ALIGNMENT. meters. | total length. 


23 629.16 51.94 
Curves with radius of 350 m.... ee 8.11 
« 400 m, | 12.24 

= “ from 400 to 500 m. » 12.16 


GOO 2 066.36 4.35 


100 
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meters. total length. 

sees 9 376.00 20.73 
Grades from 0.000 to 0.005... ee 3 000.00 6.73 
0.005 to 0.010... 5 857.00 12.72 

” “ 0.010 to 0.012... 3 200.00 7.16 

Py * 0.072 to 0.015, 10 848.00 23.94 


The width formation level cuttings and 5.30 
embankment. Thisline has four tunnels measuring 715 total 
length and eight stations, including the one Cacem the junction 
with the Cintra Railway. 

Goods and Passenger number passengers conveyed 
during the year 1890 the Lisbon, Cintra and Torres Railway 
amounted 597 202 the number kilograms merchandise trans- 
ported high speed being 144, and low speed, 651 030. 

The proportion passengers the different classes was 14.9% 
first class, second class, 44.6% third class. 

The gross earnings per kilometer were 036 francs, the coefficient 
the working being 57.12 per cent. 

Torres Vedras Figueira Foz.—This road begins the terminus 
the Lisbon and Torres line and forms its extension Figueira. 
was constructed the Royal Company and worked 
the same for period years, the State allowing for complete- 
ment interest and payments 166 667 francs capital per kilometer, 
the disbursement the State never exceeding, however, per cent. 

This line laid across the administrative districts Lisbon, Leiria 
and Coimbra. Its technical conditions, both plan and profile, are 
condensed the following tables 


. Length in | Percent, of 

ALIONMEST. meters. | total length. 
Curves with radius of 35u m...... ence 0.15 
bad of 400m ......... 2.35 
from 400 to 500 m. 11.87 
o 600 to 700 m 7.08 
bad BOD. ccc 4 358.13 2.89 
1000 and 12 550.70 8.28 


= — 
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Length in | Percent, of 
GRADE. meters. total length. 


39 480.38 26.06 


Grades from 0.005..... 28 305.00 18.68 
0.005 to 0.010........... 26 355.00 17.38 
“ 0.010 to 0.012.. 12 852.00 8.48 
, 43 702.78 28.84 


The width formation level the same that the Lisbon line 
(Cacem-Torres). has stations, including the one Torres its 
commencement. 

Alfarellos Branch Line.—This branch connects the Northern line 
kilometer 200, counting from Santa Apolonia station Lisbon, with 
the line Figueira Amieira station. was constructed and 
worked the same terms the line Torres Figueira. 

The technical conditions this railroad plan and profile are 
condensed the following tables 


ALIGNMENT. Length in | Percent. of 


meters. | total length. 
Curves with radius of 300 Ma. 214.67 1.30 
610.63 3.69 
3 411.08 20.65 
2 812.44 17.02 
1 146.32 6.92 
283.62 1.76 

GRADE. Length in | Percent. of 


meters, total length. 


Grades of 0.005 . 


5 581.00 33.80 
0.015 670.00 4.05 


width formation level the same that the line from 


Torres Figueira. has three stations, including those Alfarellos 
and Amieira. 


| 

| 

| | i 
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The passengers conveyed the year 1890 the line Torres 
Figueira and the Alfarellos branch were 285 507, and the number 
kilograms goods transported full speed amounted 141 200. 

The proportion passengers the different classes was 8.1% 
first class, 19.4% second class, and third class. 

The general rates applied the Lisbon, Cintra, Torres, Figueira 
and Alfarellos railroads are, 0.1102 per kilometer for first class; 
0.0857 per kilometer for second class, and 0.00613 per 
kilometer for third class. 

The gross earnings 1890 amounted 381.3 per kilo- 
meter, the coefficient the working being 68.12 per cent. 


Tue Crry anp 


The line connects the Eastern and the Cintra railways with 
the Rocio station within the city Lisbon. Its total length 
856 

The Circuit line, or, more commonly called, the Circumval- 
lation line, has tunnel 180.5 length, and the City line another, 
inlength. Both lines were constructed the Royal Com- 
pany without any charge the State. 


The Cascaes Railway begins Alcantara station Lisbon, and, 
following along the right bank the Tagus, puts easy communica- 
tion with the capital the watering-places bordering the river and 
those Estoril and Cascaes its terminus. was constructed 
the Royal Company without any charge the State. This road 
double track between Pedrougos and Cascaes. 

Its technical conditions plan and profile are condensed the 


following tables: 
. Length in | Percent. of 
ALSORMENE. meters. | total length. 
15 601.68 66.30 
Curves with radius from 20) to 300 m.........0.seeeceeececcceeees 214.68 0.90 
400 to 600 m........ 2 765.41 11.70 
23 525.34 100.00 


q 
| 


PIMENTAL ROADS, RAILWAYS, ETC., PORTUGAL. 311 


Length in | Percent, of 

Gaape. meters. | total length. 


This railroad has stations, including that departure, and its 
general rates are collected sections, the line being divided into three. 

Rates: first class, 0.888 franc; second class, 0.444 third 
class, 0.277 

Passenger Traffic.—The number passengers conveyed the line 
amounted 615 592 the following proportions: 339 first-class 
passengers, 285 564 second-class passengers, 
315 689 third-class passengers, 51.30 per cent. 


Barxa 


This line commences the station Abrantes, the Eastern 
railroad, 31.33 above the mean level the sea, running thence 
along the right bank the Tagus Portas Rodao, where 
attains the altitude 107.211 above the said level. From this 
point pursues its course the neighborhoods Castello Branco 
and Covilha the vicinity Guarda, where ends the altitude 
811.567 the Beira Alta Railway, after crossing the administrative 
districts Santarem, Castello Branco and Guarda. 

was constructed the Royal Company, the State allowing the 
same company for interest and payment cost, which, accord- 
ing the contract, was the rate 198 888 francs per kilometer. 

The technical conditions this railway, both plan and profile, 
may condensed the tables the next page. 

The width formation level the upper surface the embank- 
ments 5.30 and the cuttings. Besides numerous con- 
structive works, this railway has tunnels, the aggregate length 
which The stations are number, including that 
Abrantes, which serves the same time the Eastern Railway, and the 
Guarda station, which belongs common the Beira Alta line. 
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Verne Length in | Percent. of 

ALIGNMENT. meters. | total length, 
Curves with radius of 300 m.......... 32 915.43 15.55 
os saa from 300 to 400 m.. --| 24 346.55 11.50 
above 600 m........+.-- 4 329.36 2.06 
211 675.40 100.00 

Length in | Percent, of 

meters, total length, 
** 0,005 to 0.010 13 845.00 6.51 
os ** 0.010 to 0,015.... 23 968.00 11.32 
bad « 0,015 to 0.018.. 69 908.57 33.07 

Dota. 211 675.40 100.00 


This railway was still course building 1890, and Sep- 
tember 7th, 1891, 166 km. were open circulation between Abrantes 
and Covilha. 

Besides the roads described the Royal Company has its charge 
the working broad-gauge branch connecting the Coimbra station 
with the heart the town, and which destined serve terminus 
the Arganil line, present under construction. This branch 


The Southern and South-eastern lines have both their common 
origin Barreiro, the left bank the Tagus. The main line leads 
the Algarve, its terminus being Faro, the capital the district 
bearing this name. branch extends the town Setubal, and 
another Extremoz, which passes near Evora, extending from thence 
Beja and Pias. These railways cross the administrative districts 
Lisbon, Evora, Beja and Faro. The main line and its branches are 
owned and managed the State. The width the track 1.67 
between the inner edges the rails. 


| | 
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The technical conditions its various parts, both plan and pro- 
file, are condensed the following tables: 


Length in | Percent. of 

ALIGNMENT. meters. total length. 
Straight..... | 148 465,37 76.24 
Curves with radius from’ 300 to 350 MN, 1 391,72 0.71 

Length in | Percent, of 

Gaape. meters, total length. 
Grades from 0 003. 51 542,50 26.39 
** 0,015 to 0.016..... Coe 2 657.49 1.32 


This branch begins Pinhal Novo station and ends Setubal, 
after course 809.60 Its length straight alignment 
538.96 m., and 270.64 curved alignments, which equivalent 
the first and 33.49% the second, for its whole 
extent. 


The technical conditions the profile may seen the following 
table: 


Lengthin | Percent, of 
meters. total length. 
| 
* 0.005 to 0.010.. 5 902.66 45.93 


| | 
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This line begins Casa Branca station and ends the town 
Extremoz, after passing close the city Evora. Its technical con- 
ditions, both plan and profile, are condensed the following tables: 


Lengthin | Percent, of 
meters. total length. 


Curves with radius of 300 1 263.60 1.61 

Grape. Length in | Percent. of 


meters. total length. 


Grades from 0 005.............. 16 413.60 21.02 


Besa Faro 


Beja station that the line the Algarve bends towards that 
province, ending Faro after run its first 
section from Beja Casevel, 682 length, has 774 
curved alignments, its whole extent. 

The technical conditions this line profile are condensed the 
following tables: 


Length in | Percent. of 

Grape. meters, totallength. 
0,010 to 0,015...... 10 973.0 23.53 
0.015 to0018...... wee 2 791.0 5.99 

| 

| 46 628.0 100,00 


| | 
| | 
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CASEVEL AND Faro 


The technical conditions this section the main line, both 
plan and profile, are condensed the following tables: 


ener Length in | Percent. of 

ALIGNMEST. meters. total length. 
Curves with radius of 300 m. 12 877.51 9.21 
8 from 300 ‘to ‘400 n. 16 001,43 11.44 
400 to 600 m 13 062.73 9.34 
139 849,32 100,00 

Gnape. | Length in | Percent, of 


meters. total length. 


Level.. 26 485.75 18.94 


* £0 22 83.63 16.38 


The width formation level embankment measures 5.30 and 
main line from Barreiro Faro, the Extremoz branch, that 
Setubal, and the extension from Beja Pias. 

Goods and Passenger Traffic.—The number passengers conveyed 
this line during the year 1890 was 340 915, and the amount 
metrical tons merchandise transported low speed 158 404. 

The run between Barreiro and Faro for length 340 km. ac- 
complished mail trains hours minutes. The general pas- 
senger fares 0.105 franc per kilometer for first class, 0.0815 
per kilometer for second class, and 0.059 per kilometer for third 
class. 

The gross earnings for 1890 amounted 7.973 francs per kilometer 
and the coefficient the working was 62.08 per cent. 


The Minho Railway begins Oporto, where joined the 
Northern line, and follows its course through the province Minho, 
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serving its cities and principal towns, such Braga, Barcellos, Vianna 
where joins, means the international bridge 
over the river the same name, with the Spanish line Orense and 

This railway was built and worked directly the State. Its 
course lies through the districts Oporto, Braga and Vianna 
Castello. 

The technical conditions, both plan and profile, either the 
main line the Braga branch, may found condensed the fol- 
lowing tables 


. Length in| Percent. of 

ALIGNMENT. meters, | total length, 
Curves with radius from 300 to 400 m...........0..eececeee sesece 7 502.48 5.71 
400 to 500 m...... 8 765.95 6.67 
aed to 600 4 729.31 3.60 

Length in| Percent. of 

GRADE. meters. total length, 
Grades from 0.005 we 14.26 
“ “ 11.34 
“ “ 9.44 
35.45 

ALIGNMEXT. Length in| Percent, of 


meters, | total length. 


Curves with radius of 400 1 238.61 8.16 
** 400 to 500 m......... 822.04 5.42 
** 500 to 600 m.......... 733.40 4.83 
above 600 m ........ 3 464.30 22.87 


| 
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| 

meters. total length, 
3 872.24 25 .63 
Grades from 0. 005 to 0.010.. 00000 2 641.97 17.42 
0.010 to 0. 6 604.43 43.55 
0.016 £0 0.016. 0... | 2005 07 13.50 


The width formation level embankment 5.30 and 4.50 
cuttings. This line has, besides some important constructive works, 
six tunnels, the aggregate length which 174.90 

Goods and Passenger Traffic.—During the year 1890, 554 387 pas- 
sengers were conveyed this line, and the amount goods trans- 
ported low speed was 100 824.429 metrical tons. 

The proportion passengers the different classes were fol- 
first class, 17.57% second class, and 74.15% 
third class. There are stations the Oporto and route, 
and five the Braga branch, including one common the main line. 
The general rates for passengers were: 0.105 per kilometer for 
first class, 0.0813 per kilometer for second class, and 0.059 franc 
per kilometer for third class. 

The run this line accomplished mail trains hours 
minutes. 


Tue 


The Douro line begins the station Ermezinde, the Minho 
railroad, distant 426 from the city Oporto, and crossing the 
province Minho, enters afterwards the Douro valley, through 
which pursues its course the border the kingdom, joining there 
the Salamanca Railway means bridge over the River Agueda. 
Its course lies through the Oporto, Villa Real and districts, 
bordering also those Vizeu and Guarda. was constructed 
and worked directly the State. 

Better appreciate the technical conditions this line, shall 
divide into two sections, the first from its commencement Pinhao 
station the right bank the Douro, and the second from this point 
its terminus the frontier. 


| 
| 
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. Length in | Percent. of 

Curves with radius of 250 m....... oe 2 120.79 1.78 
from 250 to 400 m... 22 444.27 18.87 
above 800 6,171.61 5.28 

Length in | Percent. of 

Gave. meters, total length. 
ns -| 40 579.23 34.12 
Grades from 0 «| 27 306.02 22.96 
0.010 to 0.014 20 404.59 17.20 
“ ** 0.014 to 0.016 ......... 30 626.85 25.72 


7 Length in 
ALIGNMENT. meters. 

Straight. . 42 327.399 
Curves with “radius ‘of 250 1 659.74 
vad from 250 to 300 M......0.ceeeseeeee 14 973.69 

o ad ** 300 to 400 m....... 4 803.08 

400 to 500 m....... 3 965.65 

** 500 to 600 m....... 1 894 97 

ROVE GOD 3 224.84 


Percent. of 
total length. 


GRaDE. meters. 
-| 30 418,829 
Grades from 0.005... ..... 36 696.210 

Sad 0.005 to 0.010. 2 741.00 
“ 0.010 to 0.015. 2 993.33 


Length in 


Percent. of 
total length. 


41.75 
50.37 
3.76 
4.12 


100.00 


cuttings. 


‘ 
58.24 
2.28 
6.59 
5.44 
2.60 
4.30 
100.00 
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Besides numerous constructive works, this line has tunnels, the 
total length which 914 

Goods and Passenger Traffic.—The number passengers conveyed 
this line during the year 1890 was 345 902, and the number 
tons merchandise low speed 137 120.950. 

The gross earnings the Minho and Douro railways were 396.6 
francs per kilometer, and the coefficient the working per cent. 

The number stations The general rates are the same 
those force the Minho line. dependence the Minho and 
Douro lines, the State constructed branch line connecting the Oporto 
station with the custom house 915.92 length. 

This branch line has three tunnels, the total length which 


377.36 
Tue 


This line begins the town Figueira, joining the northern line 
the Pampilhosa station, and its terminus Villar Formoso on.the 
Spanish frontier, where effects its junction with the Salamanca rail- 
way. The road crosses the mountain Bussaco, where gains the 
altitude 215 above the level the sea, passing the vicinity 
the city Guarda, where the altitude attained 809 
Besides serving large tract land, this line constitutes the 
shortest route from the central part Portugal the north Spain. 
This railway was constructed and worked the Beira Alta 
Company, the State granting kilometric subvention 127 777 francs 
for the length 202 207.14 from Pampilhosa the frontier, the 
section from that point Figueira, 044.66 length, being con- 
structed without any charge the State. crosses the administra- 
tive districts Coimbra, Aveiro, Vianna and Guarda. 

The technical conditions this line, both plan and profile, are 
condensed the following tables 


Length in | Percent. of 


ALIGNMENT. meters, | total length. 
Curves with radius of 350 m 22 418.64 | 8.89 
94 « of 400 m 15 499.14 6.15 
24 * from 400 to 500 m 23 027.48 9.13 
as 600 tO 650M... IL 960.08 4.73 
above 900 m........... | 25 274.31 | 10.02 
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| Len 
GRADE, | meters, | total length, 


Grades from 0.005 21 175.00 8.40 
0.005 to 9.010......... 13.34 

“ é 8.24 

7 16.79 

“ 26.77 


Totals. +++| 252 251.80 100.00 


The width formation level 5.40 embankment and 
cuttings. There are many and most important constructive works 
this line and tunnels with the aggregate length 822.62 
The stations are number, including that Pampilhosa which 
common the Northern line. 

Goods and Passenger Traffic.—The number passengers conveyed 
the year 1890 was 227 216, and the number tons merchandise 
low speed, 102 875. 

The proportion passengers the different classes was 
for first class, for second class, and 76.44% for third class. 

The gross earnings 1890 amounted 197 franes and the coef- 
ficient the working was 46.2 per cent. 

The run trains between Figueira and Villar Formoso accom- 
plished hours, including the stoppage minutes 
NARROW-GAUGE RAILWAYS. 

This line, beginning Oporto, follows the seaside Povoa 
Varzim, where bends towards Villa Nova Famalicao, joining there 
the Minho Railway. Its technical conditions, both plan and profile, 
are condensed the following tables, the line having been built and 
being worked without any charge the State. 


Length in | Percent. of 


ALIGNMENT. meters. total length. 


Straight -| 46 136.9 80.57 
Curves with radius of 100 151. 0.26 
= * from 100 to 200 m........ 1 737. 3.03 

eo * 200 to 300 m 4 575.58 | 8.00 

*« above 500 m...... 750.15 | 1.31 


Totals 
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Length in | Percent. of 

meters. total length. 
Grades from 0.005.. 4 310.26 7.53 
= 0,005 to 0 4010.22. 8 617.08 15.04 
0.010 to 0,015.... 7 912.90 13.83 


The width the line way 0.90 between the inner edges 
the rails, the width formation level embankment being 3.50 
and cuttings. This railroad has stations. 

Goods and Passenger Traffic.—The number passengers conveyed 
this line during the year 1890 was 351 286, and the tons mer- 
chandise transported low speed were 880. The gross earnings 
the same period amounted 870 per kilometer, the coefficient 
the workings being 58.91. The general rates are 0.15 per 
kilometer for first class and 0.088 franc per kilometer for second class. 


This line begins Trofa station, the Minho Railway, and, fol- 
lowing the valley the River Ave, serves the town Santo Thyrso 
and the watering-place Vizella, bending thence towards Guimaraes, 
where ends. was constructed and worked the Bougado 
Company without any charge the State. 

Its technical conditions are condensed the following tables: 


ALIGNMENT. Lengthin | Percent. of 


Curves with radius of 200 m............. ones 6 096.36 18.39 
“from 200 to 300 m 2 653.73 8.00 
sa bi * 300 to 500 m 3 511.64 10.60 

Length in | Percent. of 

Gane. meters, | total length. 
** 0.010 to 4 587.54 13.84 
to 0.019......... 7 077.78 21.36 


meters. | total length. 
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The width the line way m., and that formation level 


Goods and Pussenger the year 1890 the number 
passengers conveyed this line was 177 792, and the number tons 
merchandise transported low speed amounted 364 631. The 
general rates are 0.116 franc per kilometer for first class and 0.064 
franc per kilometer for second class. The gross kilometric earnings 
were francs, and the coefficient the workings 4.95 per 


cent. 


This line begins Fos Tua station the Douro Railway, and, 
following its course the left bank the River Tua, ends Miran- 
della, after run was built the National Com- 
pany (Companhia nacional), the Government allowing guarantee 
109 401 francs, kilometric cost calculated. 

The technical conditions, both plan and profile, are condensed 


the following tables: 


" Length in Percent. of 
ALIGREMENT. meters, | total length, 
Curves with radius of 150 m. 2 023.22 3.7 
“ vf from 150 to 200 n. 8 703.25 16.09 
ss ” 200 to 250 m 2 917 84 5.39 
250 to 300 m. 3 369.73 6.03 
te nd * 300 to 400 m ove 1 670.78 3.09 
Length in Percent. of 
meters, totallength, 
Level . 26 382.65 48.24 
Grades ‘from 0.005... oe 12 782.58 23.37 
” 0.005 to 0.010... 7 700.01 14.12 
“ 0,015 to 0.0175. 4 001.46 7.27 


The width the line way between the inner edges 
the rails, and that formation level 3.50 embankment and 
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cuttings. Besides numerous constructive works, there are 
six tunnels, the aggregate length which 541.75 

has stations. 

Goods and Passenger number passengers conveyed 
the year 1890 was 581, and the amount goods traffic, 
327 463 kg. 

The proportion passengers was: For first class, for 
second class, for third per cent. The general rates are: 
0.105 frane per kilometer for first class; 0.0888 franc per kilometer for 
second class. The gross earnings per kilometer were, 1890, 888 
francs, and the coefficient the working, per cent. 


This branch line commences Santa Comba station, the Beira 
Alta line, and ends Vizeu, its length being 550.23 was 
constructed and worked the National Company, the Government 
giving guarantee for interest and payments capital, which 
127 111 per kilometer. 

The technical conditions this line, both plan and profile, are 
condensed the following tables 


Length in | Percent, of 
ALIGUMENT. meters. | total length. 


Curve with radius in ‘150 977.1 197 
ia ” from 150 to 200 m 11 884.1 23.98 

200 to 300 m... eee 5 515.79 11.13 

ee saa ** 300 to 400 m 756.46 1.52 

above 4U0 m......... 1 190,55 2.42 


Length in| Percent. 
meters, | total length, 


GRADE, 


14 421.11 29.10 


3 033.71 6.12 
3 150.80 6.35 
12 999.21 26.11 
15 945.40 32.32 
Totals......-... 49 550.23 100 60 


The width the line way between the inner 
the rails. The width formation level embankment m., and 
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4.30 cuttings. 
Santa Comba, the Beira Alta Railway. 


same those force the Mirandella line. 


NAVIGABLE WAYS. 


rivers, the following being the most important 


This line has stations, including the one 
The general rates are the 


Besides highways and railways, the country has some navigable 


Kilometers. 

Minho, navigable for the length of.............. 
Lima, navigable for the length 
Douro, navigable for the length of......... 


Azambuja, Benavente and Salvaterra canals........ 


means comparing the years 1851 and 1890. 


Maritime Trade, 1851— 


Number vessels which entered the ports the 


Influence Means Communication the Economic Development 
the Country.—Considering that the means are the 
most prominent factors the economic existence nations, was 
thought advisable give some statistical data, with the purpose 
showing what has been the influence exercised the country such 


Continent carrying freight ballast...... 

Tonnage vessels entered.......... 500 671 


Tonnage vessels cleared...... 542 040 
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1890. 
Tons, 
Number steam vessels entered carrying freight, 

Steam vessels entered ballast, 065 999 
Number sailing vessels entered carrying freight, 

Sailing vessels entered ballast, 175 
Number steam vessels cleared carrying freight, 

Steam cleared ballast, 840....... 982 144 
Number sailing vessels cleared carrying freight, 

Sailing vessels cleared ballast, 819............. 290 

Commercial Trade, 1851— 
Importation.,....... 650 
1890. 
Public Revenue— 
Direct and indirect taxation, 111 112 
Direct and indirect taxation, 1890............. 208 805 556 


The country continues contributing its economic development, 
giving impulse the enlargement the common road and railway 


systems, and improving its seaports and other navigable means 
transportation. 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


TRANSACTIONS. 


Society not responsible, body, for the facts and opinions advanced 
any of its publications, 


(Vol, XXIX —August, 1893.) 
THE RAILWAY SYSTEM NEW SOUTH WALES. 


Civil Engineer, Newcastle, New South 
Wales. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


Railways and rivers are the two great channels inland inter- 
communication available for people’s enterprise. Some countries 
are, fortunately for themselves, well favored the endowment 
Nature with one these aids development. Australia has not been 
fortunate. Our water-courses, with the exception few, are 
neither navigable nor large, and even such have are only 
able under certain circumstances. some evidence our enterprise 
and determination people that, since the sod the first railway 
was turned Australia, little over years ago, have never 
relaxed our persistent efforts link all parts the eastern side 
the continent together with iron bands. the beginnings coloni- 


Nore.—Discussions on all papers presented to the International Engineering Congress 
will published simultaneously the number for December, 1893. 
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zation had its rise New South Wales, course had the Austra- 
lian system, and important notice that the beginning was quite 
conformity with English ideas. 

Nearly all our railways are public property, but they began 
attempt private enterprise. The change has not been due any 
economical theorizing, but compulsion circumstances. The 
colonists were not rich enough for the work, and English capitalists 
were not that time awake the opportunity, and what private 
enterprise began drifted unavoidably into the hands the Govern- 
ment. Our railway policy has been made for rather than us. 

Sixteen years after the opening the first railway line England, 
public meeting was called Sydney discuss the question rail- 
way communication. The idea was well received, and committee 
appointed inquire into the railway question and the cost con- 
structing experimental line; and brought report the effect 
that line could laid from Sydney Goulburn cost about 
000 per mile, yield profit per cent. 1848 the sur- 
vey the proposed line was completed. petition was drawn 
and presented the Legislative Council New South Wales, which 
referred select committee. the report this committee, 
resolutions were passed the Council averring that the time was ripe 
for the inception scheme railway enterprise. this time 
there had apparently been idea the interference the State 
the work construction, and far was this from the thought 
the committee that recommendation was appended its 
report, that the Government should offer some premium for the en- 
couragement private enterprise. November, provisional com- 
mittee was appointed and prospectus issued setting forth the scope 
the proposed Tramroad and Railway Company with cap- 
ital £100 000 and interest guaranteed the Government for 
years the rate per cent. The scrip the company was 
promptly taken up, although its aim met with certain amount 
opposition, and some difficulty was first experienced galvanizing 
the public mind into practical interest what was then novel 
enterprise. When the first general meeting shareholders was called 
November, 1849, was found that the affairs the company were 
fair working order. December survey had been made Par- 
ramatta and Liverpool, and January the next year the directors 
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their first report were able congratulate the shareholders the pros- 
pects the enterprise which they were engaged. 3d, 1850, 
the Sydney Railway Company invited the then Governor, Sir Charles 
Augustus Fitzroy, witness Redfern the turning the first sod 
the great railway system the Australian Continent the hands 
his daughter, the Hon. Mrs. Keith Stuart, the presence 
enthusiastic concourse spectators. This was brilliant commence- 
ment. But the company soon found that the heavy drain upon its 
resources and the necessarily unproductive expenses they were daily 
incurring began seriously discourage the shareholders and the 
public, and very soon they complained that the support the Gov- 
ernment was the only thing that continued hold the nascent enter- 
prise together. The first contract let was from Rookwood towards 
Sydney, and the work went until the gold discovery and the rush 
population the gold fields, with the consequent rise the price 
labor and materials, compelled the company release the contractors 
from their obligations. 

Another contract was let carry the work Ashfield, and thence 
Parramatta; 500 navvies were imported, and additional State loan 
£150 000 obtained, with the provision that the Government had power 
name one-half the directors, who had hitherto been elected the 
shareholders. This was the first step towards the Government taking 
the enterprise into its own hands. January, 1854, the directors 
announced meeting that the cost the lineto Parramatta would ex- 
ceed the original estimate, owing the price labor and material, from 
£218 240, estimated 1852, £320 000, besides £97 000 for Darling 
Harbor Works. The capital was increased £100 000, and another 
loan was obtained from the State the same conditions 
before. January the next year the estimate for the 
line had risen £500 000, and the shareholders were convinced last 
that the prospects profit their courageous enterprise had finally 
disappeared. 

1853 another movement was initiated carry railway line 
from Newcastle Maitland, provisional committee being formed 
and capital £100 000 subscribed immediately. the course 
months, however, this company also found the work beyond its 
powers, and the inevitable result came pass the taking over 
the affairs both companies the Government New South Wales. 
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the year 1854. More money and renewed vigor were put into the 
enterprise under State management, and September, 1855, five years 
after the first sod was turned, and nine years after the railway project 
was mooted, the line from Sydney Parramatta was declared open 
for traffic, and the Government Railway System New South Wales 
practically inaugurated last. 

But, although the railway system had its inception New South 
Wales, was Victoria that the first line was open for actual traffic. 
The line from Melbourne Sandridge was not commenced until 
January, 1853. was constructed private company, and Sep- 
tember, 1854, the line was opened. The first section the South 
Australian Railway was from Adelaide Gawler, which was opened 
October, 1857, the distance being miles. 

New Zealand the first railway line thrown open was Lyttleton 
(Canterbury District) December, 1863. Queensland followed 
July 31st, 1865, with line from Toowoombah Ipswich. Tasmania 
opened its first section August 19th, 1869, and the first sod the 
West Australian Railway was turned Governor Weld Novem- 
ber 22d, 1874. The progress all the colonies has been every 
way wonderful, when the sparseness the population and their 
resources are taken into consideration. New South Wales, after 
the opening the first short line, the work railway construction 
languished for least years, though only three were allowed 
pass without least some progress being made. These exceptions 
were the years 1859, 1865, 1866. When two decades had passed, only 
437 miles railway were open New South Wales, and the end 
1892 the total length railway lines the Colony was 359 miles. 
this must added the private line between Moama and Deniliquin, 
connecting with the traffic from Echuca. The cost Government 
lines 1893 amounted over £30 000 000. 

The routes are known the Great Northern, Great Western and 
Great Southern lines. The first, which for many years had its termi- 
nation Newcastle, has now been connected with Sydney, and one 
the great works the bridge over the Hawkesbury River. (This 
bridge was started September, 1886, and finished April, 1889, 
and cost £400 000. The contractors were the Union Bridge Company 
New York.) This line runs through the coal district, 
the agricultural valley the Hunter River, the rich pastoral country 
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New England, connecting with the line Brisbane reaching the 
Queensland border. 

The Great Western line passes over that marvel engineering skill 
known the Zig Zag, and passes Bathurst and Dubbo 
Bourke. 

The Great Southern line branches from the junction Granville, 
and traverses the southern districts through Goulburn and Wagga 
Wagga and other principal towns the route Albury, where 
junction effected with the Victorian line Melbourne. The con- 
nection the two chief cities, the most important feat railway con- 
struction Australia, was finally effected bridge over the River 
Murray Wodonga 1883. Besides these main lines there are many 
branch lines. 

New South Wales the standard gauge ft. ins.; Queens- 
land, ft. ins., and Victoria, ft. 3ins. both the New South 
Wales frontiers there therefore break gauge. 

now proposed consider the railway system New South 
Wales, and compare briefly with the railway systems England 
and America. 

The Road.—It would impossible, paper like the present, 
into all the details modern railway construction, proposed 
consider one two points, and then deal somewhat fully with the 
various forms permanent way. One matter which has been too often 
overlooked engineers, when constructing lines with sharp curves, 
the question easing off the junction the straight and curved por- 
tions railways, and the junction reversed curves gradual 
increase curvatures. Engineers are fully alive the advantages 
easing curves, and the custom introducing transition curves 
fast becoming universal. The disagreeable which felt 
entering sharp curves only too well known those who travel 
lines like those New South Wales. The railways this colony are 
most exceptional their character, having been constructed with 
enormous proportion steep gradients, the worst grades being the 
trunk lines and situated that the whole volume traffic has pass 
over them. 

The difficulties surrounding the working this colony’s railways, 
having more than 000 miles single line and exceptionally sharp 
curves—and the steepest grades being also the main lines—will 
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readily understood when said that there are 629 miles 


As originally As improved by 
constructed. Total. deviations, 


Chains.|Miles. Chains, 
54 189 79 


482 
628 
631 628 


The Great Western line, for instance, more difficult work than 
any the Alpine railways, the ruling grade (see Fig. 1), radius 
curve and frequent loss elevation which has regained being 
all against the railways this colony. The following table will 
illustrate clearly the various lines question 


Length Rise. Maximum | Sharpest 


Ratiway. of incline, grade, curve, 

Miles, Feet, | ascending. Chains. 

000s 22.25 2 586 lin 40 14.16 
Mont Cenis, North,.......cecccecssecesseces 24.75 2 637 lin 33 17. 
Mont Cenis, South..... eee 25.25 2 793 lin 33 24. 

St. Gothard............. 18.5 2 100 1 in 38 14.50 
New South Wales, West.. ee 29.5 3 248 liu 30 8. 
South..... 15.5 1 477 lin 30 16. 
sed oe North....... eocccccecces 30. 2 105 lin 40 12. 


Lurching principally caused the fact that necessary 
work the superelevation the outer rail the straight portion 
the road before the curve reached; consequently, the wheels slide 
down the low side, and the flanges rub hard the low rail immedi- 
ately before entering the curve, and taking the curve the flange 
the low-side leading wheels suddenly leaves the low rail, and the flange 
the high side strikes the high rail, causing the carriage lurch. 

With properly laid out transition curve the radius infinity the 
point inflection, and decreases until the point where joins the 
circle the radius the transition curve equal that the circle; 
therefore the superelevation can gradually worked from the 
point inflection, and there will tendency for the flanges the 
leading wheels take the low rail, the case when the supereleva- 


Total, 
Miles, Chains.|Miles, Chains.|Miles, 
11n 30 to 1 in 33..........| 25 24 
1 in 34 to Lin 40.......... 
1 in 41 tol in 50.......... 
q lin 61 to 1 in 75.......... 
q 
4 
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tion worked the straight, and, consequently, there sud- 
den lurch. The practical application very simple, and the following 
example may sufficient explain the matter. 

For instance, take two reverse curves 8-chain radius with 
two chains straight between them; construct the transition curve, 
all that necessary lay off parallel tangents distance one- 
third the offset one chain, that is, 16} ins., and from the parallel 
tangent set out the 8-chain curves the ordinary way, then the 
transition curve will meet the circle point one chain from the tan- 
gent points and will pass midway between the original and the new tan- 
gent points, and the origin the curve will one chain back from 
the tangent point. 

will seen the above example that the only extra work in- 
volved set out the curve 16} ins. ordinary curve where 
transition curve introduced. 

One question that deserves attention the easing changes grade 
vertical curves; where the changes grades are not properly eased 
off, the risk breaking couplings very great, especially the case 
where there abrupt change from falling rising grade. 

Permanent Way.—The standard rail for the New South Wales rail- 
ways the yard steel rail, and present less than 200 
miles exist. The sleepers are laid ft. center center, each 
sleeper averaging weight over cwt. rails are 71- 
steel rails, but much the road 75-lb. iron and steel, and 
steel rails. The question the weight rail, however, 
rather one economy than security, the 71-lb. steel rail suf- 
ficiently strong carry engine weighing considerably over tons. 

table given the following page showing the weight engines 
run upon those rails and the weight rails use other parts the 
world, together with some particulars the weight borne some the 
driving wheels. 

the Annual Convention Master Mechanics and Locomotive 
Superintendents, held 1891, committee the Society reported 
that the limit weight per driving axle should 14} tons for rails 
under Ibs., and tons for rails over that weight. 

The Lancashire and Yorkshire Company have running upon their 
lines about 300 engines, with weight upon pair driving wheels 
from tons ewt. qr. 17} tons the Great Western England 
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carry tons 16} tons pair wheels; the Midland Railway 
Company carry 17} tons the driving axle express engine. 
tons tons one axle, high speeds, rails varying weight 

The Spacing Sleepers.—In dealing with this question must 
borne mind that not determined solely questions strength, 
but the fact that sufficient bearing area must obtained 
for the rail the sleeper for the class wood used, and for 
the sleeper the ballast. With the soft woods use Europe and 
America, absolutely necessary that the bearing surface the rail 
and sleeper should large enough prevent the rail cutting into 
the sleepers. England this guarded against using cast-iron 
chairs, and America placing the sleepers closer together. Even 
with this precaution, continual trouble experienced consequence 
the rails and chairs cutting into the soft woods, which involves con- 
stant attention prevent the rails from becoming loose. 

The iron bark sleepers possess this colony are hard and 
durable that the fastenings retain their hold exceedingly well for years, 
and the rail cuts but slightly into the timber. 

very important matter considered connection with the 
permanent way the weight the road, compared with that 
the rolling stock passing over it, the weight the road whole 
measures its resistance the blows traffic. The 
ment shows the weight mile permanent way the three types 
road this colony, compared with the main line 
leading railway company England. 


Weight of 1 mile of permanent way. 


Hundred- 
weights 
Quarters. 


chairs upon iron bark sleepers 9 ft, long by 10 
ins. wide, ins. thick, ft, apart centers. 
sleepers ong ns. 7 8., 2 
ew 7% ins. centers.. 
714-lb. T steel rails ‘aia “upon” ‘bark 
73¢ ins. centers.. 
80-Ib. T steel rails laid. ‘on “fron bark sleepers 


English, London 


and 
OTD 


84-lb. bull-headed rails laid in 45-lb. cast-iron 
chairs upon creosoted Baltic sleepers 9 ft. 


4 
384 
282 
346 
371 
341 
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The weight the standard Baltic timber use the leading 
lines England, ft. long ins. ins., creosoted, 160 
and this colony that the iron bark sleepers similar dimensions 
252 regards the durability, the life the iron bark sleeper 
fully double that the Baltic sleeper. 

this colony’s railways the rails are generally laid sleepers 
placed ft. ins. ft. center center, the straight; and 
sharp curves less than chains radius, sleepers are placed 
close ft. ins., center center, and curves from chains 
radius, ft. ins., center center. well known that 
the spacing sleepers plays the most important part the stability 
railway. 


From the 1886 the following facts 
from articles written Clark, E.; Professor Hardy and 
Wellington, E., are extracted: 


the United States the Vignoles rails are universally used for 
railways. railways with any considerable traffic are now laid 
down with less than lbs. per yard. The Pennsylvania railway, 
laid gauge ft. ins., constructed flange rails, lengths 
ft. Allowance for expansion, when rails are laid winter, 
provided laying the rails in. apart, endwise; summer 
space only in. width allowed. The cross-sleepers 
are ins. wide ins. deep ft. length; they are laid 
closely that the maximum distance apart between the centers does not 
exceed ft. are sleepers for each length ft., and the 
sleepers the joints are laid with clearance over ins. between 
them. The rails are fastened with spikes the sleepers the inside 
and outside. The width the double line way the formation 
level ft. ins. cuttings, and embankments the width for- 
mation ft. sloping from the center the rate 20. 
The ballast laid depth not less than ins. under the 
sleepers, and filled level the upper surface the sleepers. 
Where stone ballast used often broken uniform gauge 
For double lines, large stones are placed the bottom the 
center between the lines, allow for drainage. 

The sleepers (in America called ties cross-ties) are usually 
white oak, hewn top and bottom with the natural surface the 
tree the sides. The usual dimensions are ins. thick; 
ft. long; and ins., even face. The usual rule 
place them ft. less apart, and the mile. The 
large bearing surface thus afforded has especially favored the use 
the flat-based Vignoles rail, and exclusive use throughout 
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North, and for the most part South, America. The rails now most 
rolled weigh from lbs. per yard. the north and 
east rails 70, 72, and sections are limited but increasing 
use. The close propinquity sleepers gives much greater stiffness 
the rail than comparative weight alone would indicate, rail 
being fully equivalent stiffness and strength rail, sup- 
ported chairs ft. between centers. 


From the above will seen, though the rail lighter, the spac- 
ing the sleepers makes the road equal the New South Wales 
standard 80-lb. rail with sleepers spaced ft. apart. 

For comparison, may stated that Belgium has 
miles railway, which about 2000 miles are owned and 
operated the State. The standard rails flange section, ft. 
ins. long, weigh about 104 per yard. They are fastened the 
ties screw spikes, while ordinary spikes are used for the lighter 
rails. The rails are laid with square, suspended joints, spliced 
heavy angle bars, ft. ins. long, with four bolts, the angles being 
fastened the ties screw spikes, and all ties and tie plates. 
There are ties rail length, spaced ft. the joints, and ft. 
ins. ft. ins. intermediate. 

New South Wales railways the ballast laid depth 
ins., and less than 700 000 tons ballast have been used; out 
that quantity 600 000 tons have been blue metal, hard quartz slag. 
regard the ordinary repairs the permanent way, may 
mentioned that for relaying alone there has been paid during the last 
three and half years the sum £230 000. 

Owing the introduction heavier rolling stock meet 
modern requirements, has been found necessary all the large rail- 
way companies throughout the world strengthen the permanent 
way their busier lines. rails are being introduced, and 
sleepers are closer spaced and not done the interests safety 
alone, but also economical grounds, many lines the existing 
permanent way was sufficiently strong carry the increased weights 
the greater speed now aimed at. 

From the New South Wales Railway Budget the table the follow- 
ing page giving some particulars the heavier rails recently adopted 
the several lines extracted: 
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From the latest statistical information available appears that 
there are about 383 600 miles railways operation throughout the 
world. these 207 144, are America; 138 000, 
1.4%, Africa. The mileage the United States, viz., 
166 410 miles, greater than that the whole Europe. 

the five leading European countries are taken, they stand thus 
regards mileage Germany, 623 miles; France, 157 miles; 
the United Kingdom, 090 miles; Russia, 251 miles; and Austro- 
Hungary, 837 miles. 

the ratio mileage the number inhabitants taken, the 
countries rank differently. France comes first, with 6.2 miles for each 
000 inhabitants; Germany second, with 5.6; the United Kingdom 
third, with 5.2; Austro-Hungary and Russia, fourth and fifth, with 4.1 
and 2.0 respectively. 

The Australian Colonies show far higher mileages; for instance, 
Queensland have 56.6 miles for every inhabitants; South 
Australia follows with then New Zealand with 28.3; Victoria 
with 25.2; and New South Wales, miles. 

Considering the number persons per mile line, the figures are: 
France, 582; Germany, 706; the United Kingdom, 913; Austro- 
Hungary, 434; Russia, 4987; Queensland, 176; South Australia, 196; 
New Zealand, 358; Victoria, 399; and New South Wales, 501. 

the above comparisons the United Kingdom ranks third among 
the European States; but must not overlooked that the size 
the country and the density population are important factors 
railway matters. these taken into consideration the United 
Kingdom ranks first with 318 persons and 0.17 mile line per square 
mile; Germany takes second place with 225 persons and 0.13 mile; 
then follows France with 187 persons and 0.12 mile; Austro-Hungary 
with 155 persons and 0.07 mile; and, lastly, Russia with persons 
and 0.01 mile line per square mile. 

The table the following page gives detailed information respect- 
ing railway mileage, population, miles line per 000 inhabitants, 
and the number persons each mile railway. 

Rolling Stock.—In the development railways the design rolling 
stock has gone through various stages, and early days very wide 
latitude was given for experiments, more especially America, 
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of 
Miles of per 
CouNTRIES. Population. 10 000 per line of 
Railway. inhabit- 

EUROPE. 
GErMADY .... 26 623 46 875 705 5.6 1 706 
France ...... o0ce cocccceccccesecoocnes 24 157 38 218 903 6.3 1 582 
The United Kingdom ......+.c.css..seee- 20 090 38 443 295 5.2 1 913 
RUSSIA 2.00 ccccccccccccacccccccccesscccces 19 251 96 009 247 2.0 4 9-7 
837 986 000 4.1 24% 
Ttaly.cccccccccee®*** 8112 30 947 306 2.6 3 813 
Norway and Sweden 503 752 800 3.7 698 
Belgium.......... 2 263 6 093 798 3.7 2 693 
Switzerland. . 1 875 2 934 057 6.4 1 565 
Denmark ........-+ 1 203 2172 705 5.5 1 805 
Other European 634 907 438 3.3 001 

AMERICA. 
United States. ........cecccecsesecescceees 166 410 62 875 956 26.4 378 
Argentine Republic 427 086 492 13.3 750 
Remaining States 307 296 697 4.2 427 
121 335 000 17.1 585 

AUSTRALIA. 
320 410 330 56.6 176 
South Australia ............. 660 196 
Western Australia 499 100 
370 146 667 26.7 393 
11 984 3 943 435 30.5 329 
17 564 210 754 000 0.83 12 000 
1 428 39 607 000 0.36 27 736 
901 7 284 000 1.12 8 085 
814 22 #20 000 0.36 28 034 
192 3 000 000 0.64 15 625 
124 404 180 000 0.003 | 3 259 506 
All other 000 0.005 856 546 

AFRICA. 
960 6 806 000 1.5 7 090 
376 530 000 7.1 1 409 
#9 92 372 000 2.4 4 044 
All other 000 0.09 210 076 

372 203 321 000 0.27 849 
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where patents for every possible contrivance were taken out; but 
the present time very strong tendency has set reduce every 
thing standard, and although the Americans are keenly alive 
all improvements, yet, far possible, attempted reduce 
every detail down standard form. Nor this tendency confined 
America, for many years past the large railway companies Eng- 
land have been concentrating their attention the same direction. 

very interesting series standard types locomotives and car- 
riages has been developed the London, Brighton and South Coast 
Railway. The whole the rolling stock these lines has been con- 
structed the company’s workshops their own templates, thus 
enabling all repairs and renewals rapidly and economically car- 
ried out. The carriages this line are very neat pattern, being 
built uniform design, and have very appearance. The 
central buffer and draw gear the carriages the London and 
Metropolitan Railway are very ingenious and enable the train pass 
round sharp curves with great ease. The London and North Western 
Railway has also carried out the system building their rolling- 
stock uniform pattern. This company, too, manufactures the 
whole their stock their own workshops. 

England the individual railway companies have adopted stand- 
ards their own, yet the standards two companies agree for 
instance, each three the leading companies running from London 
has its own type engines and carriages, and although each has the 
same class traffic deal with, has engines entirely different 
types use. 

the Midland Railway the express traffic has been worked with four 
coupled engines with wheels 7ft. diameter, cylinders ins. diameter 
and 26-in. stroke, with four-wheeled bogie front. the Great 
Northern Railway, the engines used for fast traffic have driving wheels 
ft. diameter, outside cylinders ins. and ins. stroke. the 
London and North Western Railway, the express traffic was worked 
with four coupled engines, with inside cylinders ins. diameter, 
with 24-in. stroke and ft. 6-in. wheels. 

regard locomotives, long article might devoted the 
comparison the practice the various countries. America 
there are number distinct types, classed according the num- 
ber and arrangement the wheels, but with special features design 
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and detail introduced the builders. There great diversity 
types engines England. Tank engines, usually with side tanks, 
are generally used for the suburban traffic England and New South 
Wales while for the same elass America, engines have generally 
tank the frame. England the various companies have more 
less perfect way adopted standards their own, but the tendency 
American practice adopt far more general system stand- 
for the vast extent railways America, owned large 
number different companies, having enormous traffic necessitating 
the stock one company traveling over the lines other companies, 
evident that the various details car wagon stock could all 
made the one system standards, any repairs that might 
necessary the stock one company could quickly executed. 

New South Wales there are recognized types engines, in- 
cluding all the new American and English engines, and total stock 
existing present 481 engines 331 these belong four types. 
Some the engines have been manufactured the Colony, and the 
others have been imported from the following firms, viz.: Dubbs 
Co., Glasgow; Manning, Wardle Co., Beyer, 
Peacock Co., Manchester, and Burnham, Parry, Williams Co., 
Baldwin Locomotive Works, Philadelphia, 

With regard the height the center the boiler the express 
engines this colony are lower than good many express engines. 
For example, the Central New Jersey, express engine running 
extremely high speed, ins. higher than the Baldwin engines 
New South Wales; the Baltimore and Ohio engine ins. higher; the 
New York Central engine, which runs the Empire State Express, one 
the fastest trains the world, and going around numerous curves, 
10} ins. higher. Cleveland, Cincinnati, Chicago and St. Louis express 
trains are the same this colony. 

The North Eastern Railway England express engine ins. 
higher, and one the engines in. lower. The Great Northern 
standard express engines, which have for many years run about the 
fastest trains England, are ins. lower, but the wheel ft. greater 
diameter. 

course, the vital thing these matters the height the 
center gravity above the rails, and found, approximate cal- 


culations, that the Great Northern express engine about ins. higher 
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the center gravity than the Baldwin engines running this 
colony therefore, the writer thinks that the center gravity engines 
use this country perfectly safe, that say, the 10-wheeled 
locomotives have lower center gravity than any the English 
American engines just quoted. 

The table figures the following page submitted. 


The general dimensions the 10-wheeled Baldwin engine use 
this colony are follows: 


Area heating surface firebox (copper)....... 
Area heating surface fire tubes (brass)...... 1822.5 
Tractive force per pound per square 
Maximum boiler 160 


Total weight engine running order, with two-third glass 


cold water and sandboxes full: 
Tons, Cwts. Qrs. 


Tons. Cwrts. Qrs. 


Maximum weight running order engine 


The general dimensions the new 10-wheeled express loco- 
motives built Messrs. Beyer, Peacock Co., Manchester, Eng- 
land, and now running the New South Wales Railways, are fol- 
lows: 


Diameter coupled ft. 
Heating 130 sq. ft. 


4 
4 
| 
4 
q 
i 


=) 
v4 


10 


Jo 


Lg 
69 


|| ut 


8g 


4004) seqou] 


aace 


8 
8 
L 
8 


MON 
MON 


oe qywoy 


MON 

oe **** MON JO [PIQUED 


oo an OD 


“petdnoo 


| 
| 
. 
| 
| 
| 
| | 
| 
| | 
| | 
| 
= 
“Ne “Ne 
x 
| | seco corre © | 
= = | 
| | 
—— 
| 
| 
= 1| 
| 
| 
| 
| 
} | 
| 
| 
| 


Ton) 
Sal 
[==] 


a 


346 BIRRELL RAILWAY SYSTEM NEW SOUTH WALES. 


? 


OD 


BIRRELL RAILWAY SYSTEM NEW SOUTH WALES. 347 


vw 7°49 


| 
4 
| | 
| 
1 


348 BIRRELL RAILWAY SYSTEM NEW SOUTH WALES. 


Tons. Cwts. 
Engine—Weight empty..... 
Total weight engine and 


Consumption fuel, lbs. per mile. 


All the engines are fitted with the most modern improvements, such 
the Westinghouse automatic engine, tender and car- 
riage wheels; sight-feed lubricators for lubricating the cylinders and 
side valves, and two Gresham Craven’s improved injectors, 
and for feeding the boilers. The boilers are made steel, having 
fireboxes the Belpaire pattern and brass tubes. 

Mr. Lentz, Locomotive Engineer the Government Railways, Ger- 
many, read interesting paper The World’s Locomotives,” 
meeting the German Engineering Association held last year. 

gave the total number locomotives running the earth’s 
surface about 109 000, divided follows: Europe, 000; America, 
000; Australia, 000; Asia, 000, and Africa, 700. 

Europe, Great Britain and possess 000 engines; Ger- 
many, France, 11000; Austro-Hungary, 000; Italy, 000; 
Russia, 500; Belgium, 000; the Netherlands and Spain, 000 each; 
Switzerland, 900; and the remaining countries, 600. 

America the United States heads the list with 000 engines 
Canada follows with 000; and the remaining States claim 000. 

Asia, British India claims 500 engines, and the other countries 
800. 

Australia, New South Wales possesses 481 engines; Victoria, 
462; Queensland, 255; South Australia, 241; Tasmania, 52; New Zea- 
land, 266; and Western Australia, 24. 

Railway Carriages.—In America there large amount money 
and skill employed the construction, equipment and decoration 
One feature about them the comfort, convenience, luxury 
and artistic finish. England, dining cars have been introduced, but 
the lack communication with the rest the train drawback 
their use. Drawing-room, saloon, sleeping and other such cars are also 
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used England. Many the modern carriages are carried four 
six wheel trucks instead upon the older system rigid axles. 
Some them are fitted with lavatory accommodation, but the arrange- 
ments are crude, and they are not properly looked after. New South 


Wales, there are various types railway carriages used, viz., the 


sleeping cars, Pullman cars, American, Ashbury, lavatory, express and 

other cars. All these are principally manufactured firms New 

South Wales, and any repairs alterations, etc., are carried out the 

Government workshops. One feature about them the comfort, con- 

venience, luxury and artistic finish. 

brief description some the various types cars use 
added: 
Type. Description, 

double bogie carriage eight wheels, the 
body made six compartments. 

Cleminson....... Same the Redfern every respect, excepting 
the bogie, which slight difference 
made construction. 

Long car, American platform, promenade 
through the center; bogie same the 
Cleminson. 

Ashbury ...... Carriage with two Ashbury bogies (six wheels), 
and divided into first and second class com- 

partments. 

Eight-wheel Radial...Built after the Redfern body. Bogies 
substituted four pair wheels equal 
distances apart. 

Six-wheel Radial carriage with six compartments and three 
pair wheels, one pair under each end and 
one pair under center carriage. 

Four-wheel ...........Small carriage with three and four compart- 
ments and two pair wheels. 

Double bogie carriage, six compartments, 

eight wheels, with lavatory inside. 

Express...... Same build lavatory carriages, but contains 
lavatory compartments. 

Ordinary carriage resembling the Redfern type con- 
struction, but have two ordinary common 
bogies eight wheels. 

Each the above types can either first-class, second-class 
composite carriage. 

New South Wales the Westinghouse automatic brake univers- 
ally used passenger trains. 
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Speed.—In the matter average speed, must admitted that 
the ordinary express trains English railways make better time than 
the same kind trains Australian and American railways. The 
Central European Railway Guzette publishes statement show- 
ing the total daily mileage and average speed per hour express 
trains running over the railways several continental countries. The 
express trains the Prussian Government Railway head the list 
average speed with 30.944 miles per hour, which, however, .076 mile 
less than obtains New South Wales. Belgium, with its almost level 
lines, shows the lowest average with 29.565 miles. This is, however, 
only 3.685 miles advance the average speed our mail trains, which 
have climb steep grades and are also delayed frequent stoppages. 


|Average speed per 
Country. pd Time occupied.) hour, inclusive of 


stoppage. 


Hours, Mine, Miles. 
52 783.3 1758 15 30.013 
North 30.821 
30.944 
30.758 


29.565 
New South Wales.. $1.02 


25.88 


The new 10-wheeled express locomotives built Messrs. Beyer, 
Peacock Co., Manchester, for the New South Wales railways are 
employed working the express and mail trains over the southern, 
western and northern lines, their running being confined the diffi- 
cult portions the road, such from Sydney Junee, the south 
(286 miles); Sydney Dubbo, the west (278 miles), and Sydney 
and Singleton Jennings, the north (446 miles). Their 
load over the grades 165 tons, and the grades 205 
tons; and recent trial one these engines hauled train weigh- 
20.45 miles per hour, developing 080 

give some idea the speed which these trains are regularly 
running, the Melbourne express train, which weighs 115 205 tons, 
scheduled travel over the section Sydney Junee and return 
average speed 34.6 miles per hour, exclusive stoppages, and the 
train has lifted through accumulated vertical distance more 
than 000 ft. over rising grades the down journey alone. 


4 
| | | 
| | | 
| | | 
| 
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the following table will found the speeds the Baldwin 


engines, obtained 


from five trips made, the train being made 


Pullman sleeping cars and first-class lavatory carriages: 


| 


No \Mean speed) Weight of train, 
P on the exclusive of 
length| engine and REMARKS. 
of gradient. tender. 
Miles per 
hour. Tons, Owts, 
1-40 18.50 179 Length gradient, miles. 
, 1-40 20.15 157 12 Several curves 16 chains radius on first mile. 
5.. 1-40 21.09 157 12 About 2 miles 1-30 and } mile. 
3.. 1-30 18.87 121 4 Of 1-34, curvature moderate. 
4.. 1-30 15.17 144 2 


interesting 
the fast trains 


return has been published the Board Trade 
running week days between London and Bir- 


mingham, Bradford, Hull, Brighton, Bristol, Derby, Leeds, Leices- 
ter, Norwich, Liverpool, Manchester, Newcaste-on-Tyne, Nottingham, 
Portsmouth and giving each case the alternative lines 


railway, with the 


istance, the average time occupied the journey, 


and the average rate speed per hour both and down journeys. 
From the details there given, the following figures are extracted, 
showing the average speed per hour the fastest trains each 
route down from London and London 


Between London and— Railway. Down, Up. 
Manchester. . Midland, via 45.2 45.4 
via Kettering and Nottingham... 
.--|London and North 46} 47 
oe -|Great Nortbern......... 47.764 47.764 
45.2 
» Great Northern..... 43.468 40.629 
Bradford. \Great Northern. .... .. 47.407 46.08 
.--|Midland, via Leicester... 47.3 | 49.7 
via Kettering and 48.7 47.6 
Sheffield ....... via 44.8 
«+... ..|Midland, via Kettering Nottingham.) 49.3 48.8 
Nottingham. |Midland, via Kettering. 51.6 51.7 
49.7 
= 48 46 
Bristol..... 44 44 
ull.... 45.461 44.727 
Newcastle-on- Tyne. 48.683 47.130 
Norwich........... 38.3 37.3 
40.39 43.30 
43.29 43.29 


q 
1 
f 
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Lighting Railway Carriages.—At the present time the railway car- 
belonging the Government New South Wales are lighted 
with gas. iron vessel, cylindrical shape, placed under the 
floor each car, and the pipes are laid from this each compart- 
ment. 

The question the electric lighting trains has received good 
deal attention number railways, but, far, the constant dis- 
advantages the system have been heavy prevent the general 
adoption electric lighting. doubt has great advantages 
that the cars are kept much cooler andthelight can more evenly 
diffused. has, more than one occasion, been made the lines 
this colony, and about three years ago sleeping car was fitted 
under the direction the Railway Commissioners the Superin- 
tendent Telegraphs, and made number journeys between 
Sydney and Albury, the light eliciting much appreciation but 
was found costly, work comparison with other lighting 
systems, and require such additional dead weight the shape 
accumulators, that the experiment had given up. Interest 
the question being revived the proposal light the carriages 
upon the South Australian lines with electricity. This experiment, 
however, one that requires made with caution, and, judging 
from recent extract from the Railway Age, would appear has 
been given other lines. 

English papers announce that lighting carriages electricity 
abandoned favor compressed oil gas the Midland Railway, 
has been found too expensive and unreliable. This company has 
made every endeavor for number years use the light 
its carriages, and its decision, following soon that the Brighton 
Company, may regarded the coup the system—at any 
rate for several years. 

America, spite many attempts, electricity now used for 
lighting only few instances, and that for special train service. 
While but little definite information regarding the cost mainte- 
nance available from the numerous railroads that experimented 
this line, the data far received are not reassuring. The writer 
knows but two instances this country where electric train light- 
ing has shown evidence being paying investment from the railroad 
standpoint, that is, the train could, individually, aside from any 
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outside traffic influence, pay all its running expenses and fair return 
the investment over and above those expenses. The systems used 
these two instances are dissimilar. 

the reliability electricity, cases have the railroads 
that use felt that they could dispense with the older and tried 
systems. 

Even where the use electricity has been fairly successful, 
very often necessary emergencies have recourse oil gas; and 
the results obtained the English railways are not surprising. The 
use electricity for train lighting will, however, retarded consider- 
ably the action the English railways. 

Sir George Findlay, General Manager the London and North 
Western Railway, England, takes different view the present 
position affairs, and instead maintaining that the electric light- 
ing trains has received its coup through the action Eng- 
lish companies, rather leans towards the idea that what has been 
done clearly indicates the direction which investigations must pro- 
ceed, and also that beyond doubt electricity will the lighting 
medium the future. The question yet only the transitional 
experimental stage, and for that reason most the companies have 
not attempted adopt anything like large scale. 

There are least three methods which current electricity 
may obtained for lighting train. primary battery may used, 
secondary batteries, the dynamo may used direct. The 
majority railway engineers lean towards the secondary batteries, 
the direct action the dynamo. Probably the ultimate solution 
the problem will found combination the two, other 
words, dynamo will supply the current when the train motion, 
and the batteries, during stoppages. How the dynamo driven 
question, the settling which not marked with the unanimous 
opinion engineers, some holding that should carried and driven 
the locomotive direct, others, that should driven separate 
engine, and others, should driven from the axle the guards 
van. But whatever method may ultimately adopted, the writer 
cannot agree with the idea that electricity has received its death blow, 
has even been retarded any serious extent the action pre- 
viously mentioned, and hopes before long see entirely replace the 
oil and gas lamps present use. 
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Mr. Oswald Haes, paper entitled Lighting Railway Trains,” 
describes the successful experiments carried out South Australia. 
his paper the author deals with the history electricity con- 
cerned with the lighting trains, enumerating briefly the various 
systems, their faults and merits. then deals with the system ex- 
perimentally adopted the South Australian railways. The principle 
upon which was executed was the axle-driven dynamo, and 
conjunction with accumulators, similar every way the one that 
has proved eminently satisfactory the London and Brighton 
and several other English railways. The dynamo the ordinary 
Brush pattern, and the problem driving from bogie axles seems satis- 
factorily solved when the statement made that has run well for 
upwards four months. undoubtedly very different and 
difficult matter drive from bogie stock instead fixed wheel stock, 
and the writer believes that the greatest difficulties have been over- 
come. What little trouble exists now caused more errors 
detail than principle, and will consequently overcome with 
little more experience. The couplings are simple, effective and 
economical, and are protected from interference unauthorized per- 
sons. The system is, course, specially adapted for trains not liable 
split up, from start finish journey. 

After series trials which have occupied the engineers for 
about two years, the Northern Railway France will take the 
lead that country the installation apparatus their trains 
for illumination electricity. probably known, that the 
lighting their third class carriages oil poor the accom- 
modation; the second class better, but sufficient discourage 
reading; while the first class has been—since the last few years— 
very good, due the employment round burners. The luminous 
lamps volts, according the class compartment for 
which they are destined, the current being 2.9 watts per candle. 
The lamps are good for 300 hours. Each carriage carries its own ap- 
paratus accumulators the type introduced the Société 
Travail Electrique des Métaux,” enclosed groups two small 
boxes, which themselves are placed groups four, two cases 
fixed one each side the longitudinal frames the car, and readily 
accessible from the footboards for renewals. Commutators are placed 


STATEMENT. 


TRAIN-MILEs. Gross 


Miles | Number of Goods, 
open. passengers,| Tonnage, | 
Passenger. Goods. Total. Coaching. 


COUNTRIES. 


United Kingdom....| 20191 | 845 463 668*| 310 308 676 | 171 758 552 148 500 101 | 323 598 125t| £35 130 906 | 
United States.......| 166 410 | 492 000 000 | 577 000 000 | 283 797 000 434 700 000 | 718 497 000 | 64 549 893 
Germany...........| 26 623 | 377 000 000 | 212 000 000 | 94 392 000 85 077 000 | 179 469 000 | 17 320 822 


New South Wales... 2 359 19 918 916 4 296 713 3 683 813 4 672 283 8 356 096 1 189 231 | 
2 903 69 546 921 | 3 654 | 11 807 677 1 644 315 
Queensland......... 2 320 2 370 200*' 768 | 3 966 120 348 199 
South Australia....) 1 660 5 744 487 1 104 122 1 595 957 2 582 329 4178 286 | 349 421 
Tasmania..........| 377 725 724 | | 908 694 109 888 
New Zealand -| 1 869 3 555 764 | 2 122 987 2 696 314 (3) 314 175 3 010 489 406 412 | 
India...... | 17 664 | 122 855 387 | 26 158 953 | ......ccccce eeececceeee 60 800 165 4 846 101 | 
Ceylon..... 192 3 076 828*) | 690 070 86 528 | 
Belgium............ 2 012 67 432 178 | 2 681 502] 14 239 246 10 507 319 | 24 746 565 2 060 264 


Remanxs.—* Exclusive of season ticket journeys. + Includes 3 339 428 miles run by mixed trains. (1) Includes £3 498 
earnings. (3) Passenger and mixed, (4) Includes £424 000 miscellaneous. (5) Includes £3 123 miscellaneous, 
for miscellaneous service. 

NorE.—The information for the United Kingdom, India, Ceylon, United States, Germany, Belgium, is for the year ending 
South Australia for the year ending June 30th, 1892, and for New Zealand to March 3ist, 1892. 


Goodg 
live s' 
£43 
149 73 
44 63 
1 91 
1 45) 
70: 
5 
70 
187 


TEMENT. 


ades £3 123 miscellaneous, 


(6) Includes £5 269 380 for miscellaneous service, 


Working ex- 
penses per train- 


mile. 


Pence. | 


33.48 
49.88 
45.46 
54.98 


| 43.45 


38.70 
37.50 
39.07 
56.32 
27.89 
42.45 
32.77 


Percentage of 
working 
expenses to 
earnings, 


Gross EARNINGS, 
a& 
Working Net 
Goods and expenses, | earnings. 
om 

Pence, 

B 125t; £35 130 906 £43 230 717 | £81 860 607 (1), £45 144 778 £36 715 829 | 58.00(2) 
000 64 549 893 149 738 187 | 219 557 460 (6) 149 340 000 70 217 460 | 73.34 
a 000 17 320 822 44 634 427 66 618 547 (7)| 33 991 783 | 32 626 764 | 80.01 
> 096 1 189 231 1 918 065 3107296 | 1914 252) 1 943 044 | 89.25 
677 1 644 315 |= 1 450 807 3 095 12: 2 138 139 | 956 983 | 62.91 
5 120 348 199 704 337 | 1 052 536 | 639 502 | 413 034 | 63.69 
286 349 421 863 869 | 1213290 | 642 941 560 349 | 69.69 
3 694 109 888 59 162 | 169 050 147 944 21 106 44.64 
489 | 406 412 709 020; 41115 432 | 706 517 | 408 915 | 88.75 
» 165 4 846 101 9 755 073 15 025 174 (4) 7 064 904 | 7 960 270 59.31 
070 86 528 187 176 | 276 827 (5) 121 966 154 861 | 96.30 
5 565 2 060 264 | 3 641183 | 5701447 | 3 378 561 | 2 322 886 | 55.29 

nins. (1) Includes £3 498 974 not shown in coaching and goods traffic. 


(2) Exclusive of miscellaneous 
(7) Includes £4 663 298 


m, is for the year ending December 3lst, 1891; that for New South Wales, Victoria, Queensland and 
, 1892. 


| 
| 85 
| 68 
| 51 
oh | | 61.60 
87.51 
63.34 
| 47.02 
| 44.45 
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outside the car for connecting and disconnecting the currents. The 
effective capacity each battery 113 ampére-hours; and they weigh 
530 or, their cases are included, 860 Ibs. The lamps are fitted 
with brilliantly white-enameled reflectors, fitting into the ordinary 
oil lamp globes. The covers are arranged permit oil lamps 
substituted for electric required. the trials was ascertained 
that the electric lamps were cheaper means illumination than the 
oil. For the first named, with intensity candles, the cost 
including installation, maintenance, etc., was penny, less 
for lamp-hours. With oil giving was the same sum 
for lamp-hours. number cars are now fully equipped and will 
run the express trains between Paris and Lille, but ex- 
pected that oil will gradually supplanted the electric lighting 
other trains the same company. The figures cost require 
confirmation. 

Comparative Statement Railway Workings.—In looking the 
statement, will seen that regards mileage the United States 
takes first place, Germany second, and the United third. 
America ranks first goods tonnage, train mileage and earnings, 
the United Kingdom second, and Germany, considering her mileage 
and density population, indifferent third. the earnings per 
train-mile, Germany takes the lead with 80.01 pence, the United 
States follow with 73.34 pence, and the United Kingdom third with 
pence. But the working expenses per train-mile she ranks 


lowest with 33.48 pence, then comes Germany with 45.46 pence, 


the United States with 49.88 pence. Germany shows lowest the 


percentage working expenses gross earnings, must borne 
mind that salaries and wages—important factors railway working, 
especially when the number persons employed runs into hundreds 
thousands—are far higher America and England, and that the 
same rates were paid Germany the working expenses would not show 
such advantage. regards the Australian colonies, Victoria takes 
decided lead the number passengers carried, but this entirely 
due the purely suburban railways, whose place taken tram- 
ways Sydney. New South Wales takes first place goods tonnage, 
and gross and net earnings; but working expenses per train-mile, 
and the percentage working expenses gross earnings, South 
Australia shows the best advantage. must, however, not for- 
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gotten that New South Wales and Queensland, the whole the 
inland traffic has worked over high mountain ranges which con- 
siderably increases the cost working. India and Ceylon show the 
lowest percentage working expenses earnings, but this easily 
explained the extremely low rates wages paid these countries. 

the following table comparative statement railway workings 
New South Wales for the years 1857-92 given: 


1857. 1892. 
Population of the COlOMY......0.esssee ceeeseeeeecee 283 000 1 182 500 
Miles of railway open..... oe 40 2 359 
Persons to each mile of line 7 075 501 
Passengers carried............... 329 019 19 918 916 


Journeys per head of population. 1.16 16. 
Tonnage of goods. 20 847 4 296 713 
Tons carried per head of population............-+sseesseeeses .074 3.634 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852, 


TRANSACTIONS. 


Nore,—This Society is not responsible, as a body, for the facts and opinions advanced in 
any of its publications. 


615. 
(Vol, XXIX.—August, 1893.) 


RAILROADS THE REPUBLIC MEXICO 
1893. 


Mexico. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


proposed simply present for consideration various local 
peculiarities this country their relation the construction and 
exploitation railroads describe briefly, far possible, the dif- 
ficulties with which they had contend, and explain how far those 
difficulties have been overcome and, finally, study the remarkable 
development which sucha short time has brought within reach all 
this means communication, which was entirely unknown Mexico 
years ago. 

intended also explain, fully the limits this paper will 
permit, the results which have been obtained from the introduction 


Norx.—Diecussions on all papers presented to the International Engineering Congress 
will be published simultaneously in the number for December, 1893, 


| 
q 
q 
q 
q 
4 
a 
| 
| 
a 
| 
| 4 
| 
| 
q 
‘a 
a 
| 


358 BASAVE RAILROADS MEXICO. 


railroads into Mexico, forming exposition the progressive increase 
traffic the regions that are now traversed them, due the 
abundant resources which Nature has lavished upon the country, invit- 
ing the construction more railroads in-connection with the present ter- 
minals, and other exploitation. believed that when what has 
been undertaken finished shall able develop the entire 
country and reward those who come Mexico, not blindly, like the 
builders railroads, but seeking invest their capital upon 
firm and secure basis, whether contemplating the construction new 
roads the valuable agricultural, mercantile and industrial enter- 
prises which result from them. 

About the year 1824 attention was first turned this country the 
necessity more comprehensive ways communication bring into 
contact the remote regions, not only for meeting the requirements from 
town town, but with general object. 

that time the Government issued its first decree authorizing 
contract for the canalization the Isthmus Tehuantepec, means 
which both oceans were united one, and Mexico was be- 
come the highway for the traffic the world. 

But difficulties ensued resulting from political causes. truly 
said that the Government that time was not even powerful enough 
insist its own ideas, and could not protect either the National funds 
foreign capitalists seeking venture their means enterprises which 
would very productive carried completion, but who found 
very difficult establish themselves country just beginning form 
itself. became necessary abandon the proper ideals possible 
consolidated nation and turn attention the establishment 
carriage roads, which the people were more accustomed, and which 
seemed accord with the colonial condition, notwithstanding their 
narrow possibilities. pursuance this policy decree was issued 
that time authorizing the construction wagon road from Coaza- 
the Pacific substitute for the canal project also, for 
various other wagon roads, particularly from the city Mexico 
Vera Cruz. Little was done this direction then, notwithstanding 
the appropriations made annually for accomplishing the object, the 
truth being that these were too small for the importance and the 
number roads which were necessary. also happened, more- 
over, that these insignificant sums were diverted from their objects 
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and employed for war purposes and sustaining the governments 
which succeeded one another with excessive rapidity. For the same 
reason during this epoch, the maintenance the old cart roads 
condition even for laborious and slow passage, could scarcely 
assured. This went for period nearly years employed 
granting and withdrawing concessions for constructing railroads, 
among which figure the head the list the Tehuantepec, the 
Vera Cruz and Mexico and the Northern Pacific, means which 
the country was able really reap the benefits the first important 
line this sort, that from Vera Cruz Mexico, opened early 1873. 
might well thought, when consider the topographical diffi- 
culties these first lines which are greater than occur any other loca- 
tion presented our country, the refinement which had ensued the 
political organization, and the confidence begotten among foreign mer- 
chants the value agricultural and mineral elements which 
would able produce the new enterprises, that the construc- 
tion the rest the projected railroads would then have been hast- 
ened, and that brief time should have developed extended 
system, sufficient bring into action the natural resources the 
Republic which had lain dormant for lack easy communication and 
exchange. did not turn out so; new obstacles appeared, although 
smaller numbers, paralyze the construction new lines, and not 
until 1880 can said that the formation the Mexican railroad sys- 
tem began with real activity; since then the progress has been extraor- 
dinarily rapid and thorough, that the end the years end- 
ing 1892, 283 km. 389 miles) railroad had been built these 
regions, with prospects extension, and the companies already 
the field, who announce that the conditions develop they will place 
their lines exploitation. 
the map attached this memoir (Plate I), all the lines may 
found and they are here enumerated. 


TABLE No. 


Mexican 
Length of line. 
Kilometers. 


Mexican Railway Company (Limited): 
Mexico Vera Cruz and branches Puebla and 
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Length of line, 
Mexican National Railroad Company: Kilometers, 


Mexico Laredo and branches from Acambaro Patz- 
cuaro, Matamoros Miguel, and Mexico Salto 
National Construction Company: 
Zacatecas Ojo Caliente and Manzanillo Colima.... 
Mexican Interoceanic Railroad Company: 
Mexico Vera Cruz, with branches from Mexico 
Jojutla, from Puebla Matamoros, Yzucar and 
Merida and Progreso Railroad Company: 


Merida and Peto Railroad Company: 


Mexican Central Railroad Company: 

Mexico Norte and Aguas Calientes Tam- 
pico, with branches from Yrapuato Guadalajara, 
from Silao Guanajuato, and from Tula Pachuca. 

Sonora Railroad Company: 

Hidalgo and Northeastern Railroad Company: 

Mexico towards Tulaneingo and branches Pachuca 

Sinaloa and Durango Railroad Company: 

St. Andres and Chalchicomula Railroad Company: 

Orizaba and Yngenio Railroad 
Merida, Valladolid and Progreso Railroad Company: 

Merida and from Progreso Conkal,.... 
Tlalmanalco and Railroad Company: 

Chalco 
Merida and Campeche Railroad Company: 

Merida Mancanie, and from Pomuch.... 
Santa Ana and Flaxcala Railroad 
Tehuacan and Esperanza Railroad 
Vera Cruz, Alvarado, Anton Lizardo and Isthmus Tehuan- 

tepec Railroad Company: 
Vera Orus 


816 


190 


700 

143 

991 

422 

118 
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Length line. 
Mexican International Railroad Company: 


Porfirio Diaz Durango, with branches from Sabinas 
Hondo, Hornosa St. Pedro, and Pedricena 

Toluca and San Juan las Huertas Railroad Company: 


Toluca San Juan..... 
Cardenas and Rio Grijalva Railroad Company....... 
Merida and Yzamal Railroad 


San Juan Bautista and Carrizal Railroad Company: 

Potrero, Cedral, Vanegas and Rio Verde Railroad Company: 

Vanegas Matehuala and branch from Potrero........ 
Monterey and Mexican Gulf Railroad Company: 

and Mexicaltzingo Railroad Company..... 
Puebla Industrial Railroad 
Tecolutla and Espinal Railroad Company..... 
Cordoba and Tuxtepec Railroad Company: 

Mexican Northern Railroad Company: 

Salamanca and Santiago Valley Railroad Company: 

Marcos and Nautla Railroad Company: 

Michoacan and Pacific Railroad Company: 

Maravatio Ocampo and branch from Angangueo..... 
Mexican Southern Railroad Company: 

Tonala and Frontera Railroad Company: 


Tonala Puerta and extension Frontera............ 
Matamoros and Acapulco Railroad Company: 

Matamoros 
Tehuantepec National Railroad 
Marquis and Zimapan Railroad Company............. 


914 


623 
125 
367 
240 
283 
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The great rapidity with which this short period many lines 
railroad have been constructed due many causes, which have 
united produce such brilliant result; the first place, the peace 
the country, interrupted beforetimes with such frequency, has been 
unalterably preserved these last years, maintain the credit 
the Government and induce foreign capitalists come and establish 


themselves our eountry; secondly, the Government, understanding 


the absolute necessity means communication, offered these 
enterprises the greatest possible facility, assisting nearly all them 
with liberal grants which have been punctually paid. 

previous times the Mexican government, fearful endangering 
the public revenue, and perhaps not convinced the potency the 
railroads factor production, extended such meager advantages 
the contractors, that all the projects failed utterly. went on, 
before stated, during years, and was only possible change 
this condition affairs assuring peace the first place, and after 
that making great efforts and sacrifices assist the companies, 
which efforts were not long being repaid the development 
and the bringing into action rich places means the rail- 
roads soon they began operated. 

instituting certain comparisons which will appear presently, 
not desired that this country should appear competition any 
manner with the foremost nation railroad matters; that would 
absurd pretension and improper conscientious and serious study; 
but comparison believed that none the very small nations 
has such rapid impulse been given railroad construction 
Mexico, the fact being that, while inthe United States during the first 
years railroad building (1830 1850), 000 km. 456 miles) 
were Mexico during equal period time (from 1872 
1892) more than 000 km. were constructed. this model could 
followed the coming years, 100 000 km. could completed, 
was done the United States from 1850 1870; not, then less 
than the one-fourth part them, which would correspond proportion- 
ately the territorial extension; that is, 000 km. would have 
acquired, complete the system already projected, the elements 
which will given the following pages this paper. They aresub- 
mitted for the information those persons who care cast their eyes 
over them, the accompanying map, where the lines con- 
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structed and which have been consented the Government are 
shown. 

most cases they have been legalized the community the 
hope being placed execution the end the universal crisis 
which has oppressed the markets, both native and foreign; when this 
over they will proceed without delay. the time the great 
Fair Chicago comes end, this troublesome situation should 
past. Surely the concourse the highest all branches human 
knowledge which will there unite and join common interest, pro- 
claiming ideas, should, believe, have for result the disappearance 
the obstacles which for two three years, over all that portion the 
globe, have stood the way commercial and industrial progress 
the Spanish-American nations. 

With the object giving fair view the development and 
increasing progressive production which have attended the railroads 
since the line from Mexico Vera Cruz was opened, the writer has set 
forth the facts the most concise and clear form possible, arranging 
them table see relief the gain that each new line has 
brought the country, enabling appreciate the series this 
important truth: ‘‘So great the power production railroads, that 
whenever competition established between two separate enterprises 
the same region, analogous zones, the new line, instead 
diminishing the entries the older, increases them considerably 
confirming this manner principle recognized all civilized coun- 
tries which railroads have been properly and wisely established, 
that these elements are creators wealth. These results, although 
very imperfect Mexico, notwithstanding the great impulse given 
railroads late years, demonstrate the correctness the aphorism 
English statesman who says: Allow the country make the 
railroad, and the railroad will make the country”; but only when our 
railroad system perfected will this fully realized; when have 
woven the important, the fundamental, threads which are wanting and 
which must built, order maintain regular pecuniary relations 
with the markets the United States and Europe, then there will 
great gestation wealth, and the activity already begun shall 
full growth, and Mexico will able utilize its own profit, and 
the profit the entire world, its advantageous geographical position 
and unusual stores unbounded wealth. 
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Having considered the exposition the development unfolded 
the railroads, the writer will proceed study the parts the sys- 
yet built, with the purpose, far the limits the paper 
will permit, completing the subject. 

will sufficient take into consideration only the principal 
lines order demonstrate the annual increase due the beneficent 
influence which the new lines have exercised upon those established 
earlier. 

superficial inspection the foregoing table enough convince 
one the rapid advance, not only proportion the augmented 
length line, increasing ratio which has attended the business 
and earnings the four principal enterprises the country. fact, 
the Mexican Railroad Company which, with the exception its 
subordinate line from Pachuca, has not increased its 
kilometrage, has increased its earnings from 800 000 000 000 
during the period under consideration, most excellent showing 
view the very notable circumstance that, during the year 1880, 
which the Interoceanic Company began operation, there was sub- 
stantial increase the earnings the Mexican Company. 

With regard the Mexican Central, quite apparent that its 
competitor, the Mexican National, very far from injuring the 
establishment its line Laredo, has stimulated it, both lines show- 
ing notable increase annual entries. 

Neither did they suffer the dreadful crisis produced the last 
years the failure the crops, the low price silver, the bad state 
the public health all the more thickly populated places the 
country, and the rest the circumstances which impoverished the 
citizens and interfered with that, despite the obstacles 
which, taken separately, tended diminish the earnings the railroad, 
they were able push forward with great strength everywhere for 
long time, and the growing railroad has kept its business 
and operation all the development the system, extending over 
the whole region country, and facilitating communication, both inter- 
continental and interoceanic. 

According the data received from original sources for the year 
1891, the traffic the Mexican railroads amounted from 000 000 
000 000 passengers and more than 000 000 tons freight, the 
gross earnings being $20 (pesos). 
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the time writing not possible assemble the data for 
the year just past, for there has been minister the office Sec- 
retary Communications and Public Works; but takegas 
basis the proportionate increase the earnings year year, and con- 
sider that 1892 there have been put into operation the important 
lines from Torrean Durango, and from Tecomavaca Oaxaca, there 
will risk assuming for that year total earning $25 000 000 
for all the railroads. 

Nearly $200 000 000 (pesos) have been expended the construction 
railroads this time, not including the line across the Isthmus 
Tehuantepec, which has had many different estimates and under- 
gone many changes plan that not easy give even approx- 
imate idea its cost. But, however, repeat, those already opened 
operation, wholly part, not taking into account the estimates for 
the rest the lines hereafter, have cost $200 000 000, approximately. 
this the Government has advanced the companies nearly 
$76 000 000, said, more than third part the whole sum, 
form which vary from 500 500 per kilometer 
600 $15 300 per mile), according class and condition each 
road. 

three cases only among the more important lines the Govern- 
ment has adopted another system subvention these are the Mexi- 
can and Vera Cruz R., for which, understood, fund 
000 000 (pesos) was appropriated out the maritime duties, 
certain percentage the entries amounting about $560 000 annu- 
ally also the Puebla and Oaxaca, and the Matamoros, Yzucar and 
Acapulco lines, which drew from the Government interest the 
cost the road when constructed the rate $30 000 per kilometer 
($48 000 per mile). This value, this almost unheard-of subvention, 
serves demonstrate the difference the present time, when the rail- 
road system meets with general encouragement, and which the 
Government has adopted the principle general granting more 

subventions only the great necessity pushing forward the work 
the companies which are building lines the Pacific has obliged 
break the rule and assist powerful manner those who have 
appealed complete the system. 

general view the business from ocean ocean, and may 
say from one end the Republic the other, the companies which 
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are projecting new lines have gone about with proper energy and 
after taking into account the business secured, which they 
will give greater facility, and what capital required. 

The experience acquired upon previous studies and surveys the 
Mexican given them aptitude for verifying, the 
most difficult locations, the economies, time and money, construc- 
tion. The price labor, always very low this country, has been 
cheapened still more since the peons and Mexican laborers have become 
skilled the work which first they knew nothing the facility 
and economy the transportation materials, both native and 
foreign, which have been carried for ingots, instead paying dearly 
for transportation, was formerly the case and, lastly, all the essen- 
tials for the exploitation are met and can utilized anywhere, pre- 
senting the companies, have said, wide field for basing their 
calculation very positive degree, which enables them work 
with great success without assistance from the public. 

may truly say that have entered upon the second era rail- 
road building, that are able establish them without subventions 
with assured success sustain their cost and meet interest charges 
the capital invested. The present improving condition material pro- 
ductions, which has been proved exist most cases, guarantee 
those who hereafter may come here, engage any enterprise, that 
secure the expected profit only necessary analyze the business 
thoroughly, not waste all the funds bad management and not 
falter account questions expediency for the shareholders. 

The third epoch for the construction railroads perhaps already 
late arriving, but will follow the first two and when that time comes 
such enterprises will developed will pay for their establishment 
local interests. These will chiefly small branches serve feeders 
for the main roads, not being great regards dis- 
tance covered, but the business they will induce will very extensive, 
being impossible fix the limit the local necessities which will 
arise and which invariably adjust themselves the measure the 
business activities. 

now order make brief reference the financial condition 
the four principal railroads have considered, with the object 
having serve study for those who may come renew railroad 
building this country. During the year 1891, which the last one 
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for which have the figures, the percentages net earnings were 
follows 


Mexican 42% gross earnings. 
Mexican Central 
Mexican National Railroad......... 30% 


From this evident that the Mexican Railway, notwithstanding 
its excessive construction account, must possess excellent manage- 
ment, and turn enjoy opportunities secure business, the 
operating expenses being for these two reasons relatively small. 

The Mexican Central Railway, which operated well-chosen 
district, and for the most part with few accidents, unites these con- 
ditions well-ordered administration and the heavy subventions which 
has received, amounting the sum $28 000 000. 

The Interoceanic Railroad, constructed low cost and with good 
subventions, has been able sustain its heavy maintenance charges, 
and counteract some the defects its administration which have 
consumed large part its earnings, and may said not have 
really suffered from these defects, for the railroad which earns the 
largest rate interest annually. 

Lastly, the Mexican National Railroad, which has enormously 
high construction account while did not get such strong subventions, 
and not very well managed, consumed this account* its 
gross earnings, which are not four, the writer’s 
judgment, located the most disadvantageous position. 

The fact is, that while the Mexican Railway has paid between and 
per annum, the Interoceanic between and 9%, and the Central 
the Mexican National has only realized about per cent. 

Doubtless the low earnings the last-named road will in- 
creasing from year year, but the present time paying the 
tribute due especially its wasteful construction, for, notwithstand- 
ing its being narrow-gauge road, has cost 50% more per kilometer 
than the Central. 

concluding this memoir the writer will himself with the 
supplementary railroad system actually projected connection 
with the several great lines and for perfecting local communication. 


The author omits mention here that the Mexican National narrow-gauge, while the 
other tbree are standard gauge; farther on, however, he refers to the first fact.—Translator. 
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Many lines have been granted, the greater part with subventions, 
awaiting improvement the financial condition the de- 
velopments these lines, which are given below Table No. are 
only approximate, inasmuch that generally they are not yet finally 
located. 

the accompanying map the probable locations the lines named 
are shown. 


TABLE No. 


Mexican LINEs. 
Length. 


Kilometers. 

Hidalgo and North Eastern Railroad: 

Alvarado Railroad Company: 

Mexican Interoceanic: 

Sinaloa and Durango 

Mexican Central Railway Company: 

Mexican National Railroad Company: 


Merida and Peto Railroad Company: 

Merida and Valladolid: 

Merida and Campeche: 

Mexican International Railroad Company: 

San Marco and Nautla Railway Company: 

140 
San Benito and Tapachula Railroad Company: 

San Benito Tapachula.......... 

Tapachula Tehuantepec Railway..... 560 


q 
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Length, 


Mexican Southern Railway Company: 

Mexican Pacific Railway Company: 
Mexico Cuernavaca and Palizada 

Tonala and Frontera Railroad Company: 
Taltan Frontera 


California Bay Railroad Company: 


San Quintin Rio 
San Quintin Los Angeles Bay........ 420 
Rio Colorado 630 
Magdalena Mexican Central Railway........ 620 
Sonora, Sinaloa and Chihuahua Railroad Company: 
Guaymas, via Alamos Topolobampo............. 570 
Topolobampo via Fuerte Ciudad Guerrero........ 510 


Sierra Mojada and International Railroad Company...... 
Zamora and Zihuatanejo Railroad Company............. 
Cordoba and Tuxtepec Railroad Company..... 
Pachuca and Tampico Railroad Company: 
Angangueo 
National Railroad Company Tehuantepec: 
Intermediate portion.............. 
Matamoros, Yzucar and Acapulco Railroad Company: 
Tlancualpicana Acapulco ......... 
Matamoros and Matehuala Railroad Company.......... 
Matamoros and San Luis Potosi Railroad Company 
Mazatlan and Camargo Railroad Company: 


Aguas Calientes, Guadalajara and Chamela Railroad Com- 


Continental Railroad Company: 
Tuxpan Tehuantepec 675 


Kilometers, 


240 


270 


450 
360 
450 
400 
130 
240 
340 
600 
800 
585 
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Lergth, 
Kilometers. 


The remaining lines this company have not been deter- 
mined upon. 


Tula, Zacualtipan and Tuxpan Railroad Company....... 345 
Ishmus Tehuantepec Railroad Company the Guate- 
and International Railroad Company: 
Toluca and Cuernavaca Railroad Company......... 
Mexico and Zacatula Railroad 525 


Some these concessions have lapsed, but the greater number 
them possess subventions and all are lines with great future, 
believed that short time they will rehabilitated, inasmuch 
the present time there sense solicitude and very 
favorable disposition the part the Mexican government push 
forward the construction the railroads which are lacking, though 
not with such great expenditures was first necessary, which 
there was always blundering and great waste money the com- 
panies, who nearly all rushed blindly into enterprises regardless 
consequences. 

are able calculate approximately the additional capital re- 
quired for the extension the Mexican railroads accordance with 
the above enumeration; $300 000 000 $400 000 000 will necessary 
cover the system through lines, and, perhaps, much more 
complete the local roads. 

This not appropriate moment for believing that all this will 
accomplished within very short time, but may take comfort for 
the present, while still the midst the economic struggle which 
preoccupies all nations, that are able continue building two 
three the more important lines, bringing near the establishing 
interoceanic communication, which for many complex reasons has 
been long retarded, the injury the entire country. 

The greatest injury this delay hes been the western territory, 
which are situated such rich and important places Guadalajara, 


Morelia, Durango, Oaxaca and many others, where also await facile 
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communication the numerous, abundant and rich products the 
chocolate, coffee, indigo, fruits various kinds, valuable 
woods and many other miscellaneous products—which are being lost for 
lack consumers, and which, ere long, will scientifically cultivated 
and transported all the centers consumption, giving rise 
prosperity which, perhaps, their owners have yet formed con- 
ception. 

The lines which construction now being prosecuted are the 
Tehuantepec National Railway, which said will completed 
the end the present year, thus realizing desire which Mexico has 
cherished for nearly century; the Matamoros, Yzucar and Acapulco 
Railroad, which extends through the richest and most productive 
regions the States Puebla and Guerrero; and the Cuernavaca 
and Pacific Railroad, just started the capital the Republic, and 
which will soon reach the State Morelos and continue its march 
towards the Pacific, opening the riches the unknown and 
now neglected, but not the less fertile, lands Guerrero. The Hidalgo 
and Northeastern road also under construction Tuxpan, and 
other railroads Yucatan. 

Space lacking pursue the discussion vast subject. 
Scarcely more has been done than call attention the leading points 
our railroad situation, and perhaps these cursory notes will bring 
out very little that useful. endeavoring study all the 
stances which more less directly affect the works already built 
those desire build, they may, perhaps, have been passed over too 
superficially, and yet may said that has not been easy con- 
sider them all with the desired care; but the subject too complex 
formulate good and complete study upon the matter thoroughly 
necessary, give methodical estimate them all without ex- 
ceeding the time now available, and yet, without the essential gifts 
for close study and methodical research, perhaps there may con- 
veyed, between these lines, something more than the small measure 
their apparent value. 
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STUDY UPON RAILROADS CONNECT GUADA- 
LAJARA WITH THE PACIFIC OCEAN. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


The study railroad line can divided into two parts which 
are intimately related one another, the financial and the technical. 
The first relates the probable valuation the earnings which the 
line can command, taking the foundation its considerations the 
present traffic between its terminals and, generally, the territory along 
its base; the lawful rates can obtain; the amount capital that can 


Discussions all papers presented the International Engineering Congress 
will published simultaneously the number for December, 1893. 
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secured for the enterprise question; the profits derived; the 
cost for which, favorable can built, and the in- 
creased traffic developed the industries and agriculture 
points reached the line, due the facility and rapidity commu- 
nication afforded. 

The second, that is, the technical, belongs the engineer, embraces 
exploration the country for location, the cost which shall the 
least possible. This problem truly difficult one, requiring gener- 
ally and all important lines much practice and experience, inasmuch 
that almost always must decided first sight upon principles 
which afterwards necessitate profound study. 

The comparison the approximate value the cost the line 
with the provision the estimated traffic determines whether the 
study can adhered to; and, finally, view the revised data, the 
estimate decides the construction the line. 

should here stated that, not the final data the sur- 
veys and estimates for the projected railroads between Guadalajara 
and either San Blas, Chamela Manzanillo, the writer proposes, 
studying these projects, advert only the figures the traffic 
furnished the Chamber Commerce this capital. For the tech- 
nical information regarding the railroad line San Blas indebted 
the kindness the Chief Engineer, Porferio Somelli, 
and for the data the lines Chamela and Manzanillo, respectively, 
favor Chief Engineer Don Carlos Ockon Arronis. 

The data furnished the Chamber Commerce, extended 
and conscientious report the State Government, assigns for the 
movement merchandise any one the three lines which 
treats, 200 000 tons per kilometer, and like number passengers. 
obtain these figures the Chamber took the amount annual col- 
lections that had been made the toll houses the towns along the 
projected routes, such Zocoalea, Sayula, Guzman, Tepic, Etzat- 
lan, Ameca, and also the records the annual agricul- 
tural production Talisco, Colima and Tepic. Such records are the 
most reliable that could possibly obtained, for they are derived from 
the actual traffic and from the official count the production; they 
have been taken for the basis the present study. 

the introduction the part that relates the end view, they 
say follows: 


‘ 
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the freight traffic annual average 200 000 tons, 
for the least annually, the lines referred to, based the subscrip- 
tion the legal records which are found the municipal exchange 
the capital; those that refer the traffic have been obtained from 
the Custom House Mexicalcingo, which represents the principal part 
the freight movement between Guadalajara and the southern part 
Talisco, Colima and the Pacific Coast, amounting the last half year 
1892 129.83; revenue from tolls upon vehicles and beasts bur- 
den with freight various kinds entering the city through the custom 
house; and the traffic the first six months the year being greater 
than the second, have deduced the subscription $12 500 our 
estimate for the least annual revenue that place. Salida esti- 
mate $10 000, for the road tolls are not heavy, and only calcu- 
late the produce worth per load, which corresponds 
considerable movement, and considering also that the freight pays 
specific duties, and that the cattle and the like which the railroad would 
able transport pay duties entrance, passing through 
the capital, deduce the total annual freight movement, according 
the custom house, amounting upon conservative estimate 200 000 
tons.” 

the traffic for some the principal towns 
Southern Talisco, which would pay tribute the railroad Colima 
and Manzanillo, and order obtain another subscription reliable 
data, looked the freight movement Guzman, the principal 
town cabacera the ninth canton the State Talisco. The re- 
sults here, according reliable information from Sullivan, se- 
lected competent persons speak for the town, amounted more 
than 200 000 packages freight arrobas (150 200 
approximately, each, every year the five years covered the 
information; this quantity equivalent least 100 000 tons per 
kilometer, without including cattle and other animals that will 
carried the railroad. 

obtainable the capital Ojarita del Carmen and 
Zapopan, representing the major part that which exists between 
Guadalajara and the western portion the State Talisco, Territory 
Tepic, and the States the extreme western part the Republic, 
etc., equals, approximately, that Mexicalcingo. 

freight the city Tepic, according figures 
bonded merchandise obtained from the custom house there, given 
the illustrious Secretary, Manuel Gonzales, was, the 
year 1891-92, 173 459 packages. Estimates this officer 
place the total movement merchandise much more than that 
which pays duty, because the latter does not include any articles that 
not pay port charges. There are many articles which not pass 
through the custom house, such beans and corn, and, according 
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persons well known Tepic, not less than 50000 bushels 
enter annually, and the other cereals proportion. 

may possibly that the share traffic each capital ter- 
ritory unduly large relatively the remaining towns this district, 
among which are contained others rich and full traffic, 
Yxtlan, Santiago and Acaponeta; nevertheless, may still affirmed 
with all confidence that this region suitable field for the railroad 
which treat, and very considerable degree. 

our attention the present condition things, re- 
gard the occupation this territory railroad immediately, 
may say that almost entirely isolated from the rest the country, 
being connected with only road which almost entirely impas- 
sible through neglect; but means easy communication this terri- 
tory may placed condition command both the eastern and 
western markets the Republic, and its transformation will quick 
and marvelous, for the reason that privileged region and suitable 
for developing high degree multitude agricultural and manu- 
facturing industries.” 


The same may said respecting the present and future the can- 
tons the States Talisco and Colima, matter which route the 
iron road reaches the Pacific seaboard, for will bring each these 
extensive regions into activity without prejudice the 
the contrary, the whole territory will enabled means lateral 
branches avail itself the beneficial effect the railroads, was 
demonstrated important technical report rendered recently 
the Board Directors the Central Railroad. 

Besides these factors for appraising the freight traffic existing and 
developed these lines railroad, has been found very con- 
venient connection with them the official records recent 
date, which give ready the hand the agricultural and industrial sta- 
tistics, etc., the States Talisco and Colima and Territory Tepic. 
The results are for the most part favor there being railroad from 
Guadalajara the Pacific ports, and effect reproducing what 
find given the the Mexican Republic,” 
Busto, published appendix the Report Revenue; from them 
the following figures, giving the principal productions Talisco, are 
taken: 
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refined........... 000 barrels. 
ordinary ......... 
Rum, from cane.......... 320 
Pulque, ordinary......... 116 250 arrobas. 
Haba beans......... 862 956 


Before footing the total productions Talisco must add the 
product the manufacturing industries and mining, cattle-raising, 
which requires transportation the State capital, the principal 
towns the south, southeast and east the State Colima, the 


Territory Tepic and Pacific ports. 


Respecting the quantities the productions, agricultural and 
other, the State Colima, have taken from the statistics cited 


the following data annual productions 
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Mescal, ordinary..... 3265 


the following exhibit give the four principal agricultural 
productions the Territory Tepic, according the same statistics 
the Republic 


respect the quantity rice, sugar, tobacco and cotton which 
are figured among the productions Talisco before given, they are 
assumed half the corresponding quantities the Territory 
Tepic. 

the railroads throughout the country which have great ton- 
nage this case, 50% the gross earnings are consumed oper- 
ating, leaving the other return the invested capital. 

the projected line from San Blas Guadalajara the distance 
348 km. (216 assuming the average rate fixed 
cents per ton 000 kg. 205 Ibs.) per kilo. cents per ton-mile) 
and cents per passenger (3} cents per passenger-mile), there would 
earned annually 176 000, which 088 000 would return the 
capital invested. The capitalization being the rate 10% annu- 
ally, obtain the sum $20 880 000 for the allowable expenditure 
for the construction the line which are treating. 


* This amount is in error ; should be between 40 000 and 50 000 kg.—TRaNsLaTOR, 
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Similarly the line Chamela the distance 433 km. (269 
miles), which the revenue, calculated the same manner before, 
would allow first cost $25 980 000. 

For the Manzanillo line find analogous results. 

The line from San Blas has been examined for the Central Mexican 
Railway people; from Guadalajara Refugio, length km., 
has maximum grade per cent. follows generally the 
Ameca wagon road, deviating several points obtain more uni- 
form gradients. passes through Venta, Reventon, with 
small tunnel, Los Lomelines, Huaxtla and Refugio. Refugio 
forks, there being two alternates, one the Sierra Pajaritos and 
the other the Ameca River Valley. 

The last would selected, follows the natural water-courses, 
but for the difficulties which occur, the lowness the line, and its ex- 
posure and very great cost maintenance. 

Beyond Refugio, until enters the real the Ameca River, 
there are about km. smooth ground, with light grades and easy 
construction, save three four points great importance. The 
line passes Ameca and follows the right bank the river. Continu- 
ing down the meets with narrow and difficult defiles, nar- 
row banks which the river frequently overflows, the passage which 
some manner cannot avoided, and having, fine, thousand 
difficulties before reaching any other town importance; there 
arrive San José del Conde, having come 104km. The 
the does not exceed until reaching the confluence the 
River Ahuacatlan. this point, following the river bank, ascends 
with grade for about km., which continues 
until arriving near San José del Conde. this stretch 104 km. 
the average cost will run high $40 000 per kilometer ($64 500 per 
mile), because the heavy works construction and for defense 
which are included. 

Returning the alternate location way the Pajaritos, which 
the one that the writer’s opinion should adopted, will con- 
tinue the description. From Refugio San José del Conde 
divided into three distinct sections; the first extending San Marcos, 
passing through the villages and towns Teuchitlan, Ahualulco, 
Etzatlan and San Marcos, with development km. easy grades 


reaching very short stretches, without much very heavy 
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work; average cost per kilometer, $20 000 ($32 300 per mile). The 
second section extends from San Marcos Ocote, distance nearly 
km., including the passage the Sierra Pajaritos. The line 
climbs with ruling grade compensated with grand and bold 
developments, costly rockwork and tunnels and bridges and viaducts, 
one after the other. prosecute this work the midst the 
mountains and with tunnel km. long will very difficult, 
and the average cost estimated per kilometer ($80 000 
per mile). 

The third section, from Ocote San José del Conde, km. 
long. The line follows the ground, are not many difficulties; 
the grades are from following the valley the River Ahual- 
altan into which descends after leaving Ocote, passing through 
Yxtlan, Ahuacatlan and Tetitlan, leaving the valley ascending the 
steps San José del Conde, where reunites with the Rio Aveca line 
just described. The average cost per kilometer $25 000 ($40 000 
per mile). 

Engineer Don Resendo Corona, order the State govern- 
ment, made study avoid possible the principal difficulties 
which the former lines present. The examination Corona 
only indicated proposed line without estimates cost. This line 
left Etzatlan following through the ranchos Palo Verde, Tlacuache, 
Canteria, Puebla Aconahua, Hacienda San Rafael, Los Hor- 
nitos, Palma and Los Alamos; then continues far Amatlan 
Canas, following well-known footpath Palma, then skirting 
south inn Silleta, and descending Amatlan way 
Canada. This trajectory was km. long with acceptable grades, 
good opportunities for borrow, easy development and economical 
construction. 

Besides the principal work which already has been given, this line 
would require bridge over the Arroyo Terbabuena and tunnel 
500 long beyond the rancho Los Alamos. 

From Amatlan the line continues follow the course the river 
that name far the point known Las from here 
ascends the pueblo Garabatoz, passing extensive 
and below way San Valentin the Hacienda Tepuchuacan 
the north side. 


Hence follows along the right bank the River Ameca and 


i 


passing the confluence with the Ahuacatlan, San José del Conde, 
where Corona’s examination terminated. 

From San José del Conde the road smooth, with light 
grades passing through Compostelo and the Miravalles, from 
which enters with ease the village Tepic, the length this 
portion being and the maximum grade does not exceed 
broken long stretches light grade. There one stretch 
km. the Miravalles where several bridges and much rock- 


work are necessary. 
The average cost per kilometer $22 000 ($35 400 per mile). 
From Tepic San Blas there only one location and very 
excellent one, notwithstanding that extremely undulating, with 
great difference level from one point the distance 
km. and the ruling grade passing through Lamedo, Tortuna, 
Barranca, Blanco, and following down the coast about km. 
before reaching San Blas. This line has heavy cuts and fills, some 
hard rockwork and very frequent bridges. The average cost per 
kilometer this stretch nearly $25 000 ($40 250 per mile). 
order examine the total cost this line, the foregoing figures 
are arranged tabular form, which the lengths, gradients, 
cost per kilometer and total cost. 


TABLE No. 


San VIA THE SIERRA 


Cost. Cost Grade 
Refugio to San Marco .......ceeeeseeeeees 53 20 000 | 1 060 000 14 


The estimated total cost the completed line amounts, then, 
358 000, above, length 348 km. (216 miles), which may 
increase $12 000 000 for right way, station buildings, superin- 
tendence, plans, etc. 
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this assumed that might expend much $20 000 000 
this line, which will earn that amount annually, result 
which would enable the undertaking negotiated with the assur- 
ance great success, especially may claim ample subvention, 
which the Government holds out the company for its construction. 

Unfortunately, the grantee company owns the railway from Mexico 
Paso del Norte, with the branch from Trapuato Guadalajara, and 
probably fears that the establishment the line treat would 
cause competition opening new route for foreign traffic. 

This fear the writer believes unfounded, because the domestic 
business evidently sufficient sustain the new railroad and earn 
profitable revenue; while the foreign traffic, notwithstanding that 
would take the shorter line, the increased volume business would 
make for the shorter haul. This obstacle, more apparent than real, 
which the Central Company creates for this line, does not apply the 
Chamela line, because clear that line can established 
competition that can obtain larger revenues. 

detailed description this line given, for the reason that 
the complete studies have only been made part. The résumé which 
follows will, however, sufficient. 


TABLE No. 


FOR THE PROJECTED RAILROAD FROM GUADALAJARA THE 
CHAMELA. 


SzcTrox | Length, Cost. | Cost. Grade. 


GUADALAJARA. | 
Cerro Gachupines.. $12000 0.75 
eer 15 | 12000 | 180 000 -50 
6 25 000 150 000 2.00 
Presa del 20 12 0v0 240 000 
6 | 30000 180 000 2.50 
6 20 000 120 000 1.50 
30 12 000 360 000 50 
Sta. Maria de las Huertas.... eee. 10 30 000 300 000 2.00 
Arroyo Hondo.... *] 6 |; 80000 180 000 2.00 
Quila eee ° ° 25 | 30 000 750 000 3.00 
a cece 30 | $0000 900 000 3.00 
s ans 8 | 15000 120 000 .50 
Union de Tula....... 30 | 15000 450 000 
20 | 15000 300 000 -50 
Purificacion. : 70 | $0000 2 190 000 3.00 
Chamela 90 30 000 2 700 000 2.00 
433 $24 200 $10 462 000 
Miles, average cost............+. 269 38 900 
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this résumé seen that the 433 km. (269 miles) this line 
will cost approximately $10 462 and add for right way, 
stations, etc., did the case the San Blas line, obtain 
total cost $13 000 000, which capital 16% can earned the 
present moment, and probably time this can doubled. 

consequence, company has been organized undertake this 
work after verifying the estimates previously prepared, which the 
writer believes are very nearly correct, having been obtained from 
local sources and part based upon the study. 

Respecting the line from Guadalajara Manzanillo, will prob- 
ably follow the same line before far Tizapan, from which point 
will continue through the following towns 


Distances, 

Kilometers, Grades. 


The writer does not know the studies which have been made re- 
spectively for the company; but does not believe they will vary 
much distances and grades from those above indicated. 

From Colima Manzanillo railroad has already been constructed 
and operation Cayutlan, Armeria, Guaracho and Coquimat- 
lan. Its length km., and consequently the total length this 
line will very probably 403 km. (250 miles). 

Respecting its cost, apparently will not differ greatly from the 
lines previously studied, inasmuch the topographical difficulties 
are distributed about equally. Consequently, may estimate for 
standard gauge cost $30 000 per kilometer ($48 300 per mile), and 
$20 000 for the narrow gauge, which what has been adopted. With 
this data the resulting cost this line will nearly 000 000, and 
will need traffic 200 000 tons and equal number passengers, 
from which the company which has undertaken the enterprise expects 


brilliant results. 
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The writer has gone the bottom all the previous considera 
tions for determining the traffic from the present business between the 
points from end end, but probable that what was obtained 
the early days the exploration will doubled the development 
the great natural resources which are contained the regions 
traversed the lines which have been considered. 
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DISTINCTIVE FEATURES AND ADVANTAGES 
AMERICAN LOCOMOTIVE PRACTICE. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


The locomotives the United States are not diiferent from 
those foreign countries might supposed from the outward 
appearance; most ofthe differences are details, and result from dif- 
ferences operation, which demand the United States large in- 
crease the general dimensions. studying distinctive features 
locomotives all countries, necessary knew minute detail 
the conditions operation under which each class locomotives 
worked, generally found that engines everywhere are well 
adapted for the work they do. The main difference between locomo- 
tives used here and other countries necessary result the 
difference environment. other countries, generally speaking, 
the distances are short, competition small, wages low, and money 


all presented the Internationa) Engineering Congress 
will be published simultaneously in the number for December, 1893 
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rentals moderate; some governmental control removes all compe- 
tition. the United States, long train runs, high wages, sharp com- 
petition and high rates interest define the method railroad 
operation clearly that practically beyond the power any 
individual company vary much from the almost universal practice 
running heavy trains. this necessary policy heavy train 
loads that gives rise the wide difference which found maximum 
hauling power the American and foreign locomotive. This increased 
power demands more weight for adhesion and greater steaming ca- 
pacity; therefore, one finds the American engines heavier and the 
boilers larger for similar classes work. This shown Tables 
Al, A2, which give the comparative dimensions locomotives 
various countries. 

Many the United States have thought that certain details 
that are universal here, such the equalization the weight between 
driving wheels, the four-wheeled swiveling and lateral motion truck, 
outside cylinders, the fire-brick arch and iron tubes, are not com- 
monly used other countries, and formerly they were not; but now 
equalizers are common England, they are standard Germany, 
common France and other European countries. Outside cylinders 
are quite universally used Germany, are common England, and 
frequently used France, Italy and other 
arches, iron and steel tubes, and lateral motion swiveling trucks are 
quite common, although not the rule everywhere; that looking 
for such general features design locomotive details are pecu- 
liar the United States, one finds the present time but little be- 
side steel fireboxes, bar-frames, cast-iron wheel centers and tenders 
with swiveling trucks. There are many peculiarities minor details, 
but these not affect any material way the economical operation 
the engines. 

The use cabs dependent, not upon the country, but upon the 
climate, and they are generally found where the winters are severe. 
rule, all differences the designs details can traced directly 
the relative prices labor. Where labor designs are simple; 
duplication and interchangeability overrule minor features dur- 
ability and efficiency, and general cast pieces are used instead 
wrought. For instance, the United States the duplication parts 
receives more attention than foreign countries, and common 
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use clumsy, heavy, cast-iron piston, that requires less hand labor than 
the foreign type piston (the Swedish), which one forged steel, 
very light and strong. Also driving-wheel centers are here made 
hard cast iron, while Europe they are almost universally made 
wrought iron. 

are all more interested such features locomotive construc- 
tion affect the operation than are the parts which affect the 
cost repairs, for the reason that the other costs locomotive service 
are the major part the total and greatly exceed the repairs. Again, 
the cost repairs dependent upon the facilities and the price 
labor that impossible learn much about the relative merits 
designs from study the cost repairs different countries. 
Facility for making repairs the all-important factor repair costs. 
Take, for instance, the renewal driving tires. country was 
formerly the custom take engine into the shop for repairs when- 
ever the driving tires needed turning this way the repairs loco- 
motives were largely dependent upon the durability the tires. 
Now, this has entirely changed, and the most advanced shops gen- 
eral repairs are made only when they are needed. locomotive may 
come into the shop the morning with bad tires and axles and 
sent out again noon with new set wheels complete new 
set tires put ready for use. Theimprovements handling heavy 
parts and other facilities for making repairs has materially reduced 
the cost keeping locomotives, that impossible say 
what are the advantages those details construction which are 
more common the United States, without knowing the comparative 
facilities for making repairs; and furthermore, the difference the con- 
dition different roads any one country, the United States for 
instance, great enough give entirely different results the cost 
locomotive repairs per mile run. 

Lack accurate information has led considerable discussion 
within the past two years about the mileage locomotives before 
being sent for general but there accuracy com- 
parisons matters this kind between locomotives used different 
countries, the conditions are different. not expected 
that locomotive hauling heavy trains can run long without 


general overhauling with comparatively light trains. However, 
not the weight train that governs the mileage made before general 
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The term general indefinite, and some roads 
keep the majority the so-called general without tak- 
ing the locomotives into the shop, while the other roads some 
the repairs” are classed general repairs,” owing the 
lack facilities which compels the locomotive considerably dis- 
mantled before the parts needing repairs can made accessible. 
Therefore, considering the comparative features locomotive prac- 
tice different countries, the writer has adhered closely the general 
features construction, omitting the minor parts, about which 
impossible reach conclusion without knowing minute detail 
the conditions and facilities each particular case; also, such special 
types engines are used suburban service and for heavy grades are 
omitted, they are not common enough entitle them classed 
regular practice. 

not within the scope this paper say much about different 
methods operating locomotives, but operation controls designs 
that one must understood the reasons for the other are com- 
prehended. The dispute about the economy running heavy trains 
has arisen almost solely account lack definite information 
the subject. One may safely grant that there was any defect 
the policy heavy loads, the exceedingly sharp competition the 
United States would have long ago developed the defects, and 
should now find some our roads hauling light trains frequent 
intervals. the contrary, the practice heavy train loads uni- 
versal here. examination the cost freight train expenses 
this country, given Fig. will show how great the 
gain increasing the train loads when the price fuel mod- 
erate. The average weight foreign freight train, exclusive 
tender, approximately 450tons. Trains are much heavier 
the continent Europe than Great Britain. The average 
weight American freight train for level roads not far from 
1350 tons. Table gives the data which Fig. based. this 
table the coal used per ton-mile total train taken con- 
stant for all weights train. This only approximately correct, but 
quite near enough for the comparison now being made, the coal 
per ton-mile total train does not vary much with different train 
loads when the power the locomotives proportion the 
train. 
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The coal per ton-mile total train taken .1275 Ib. This cor- 
responds with good practice the United States. The wages train 
crews this country, any one road, are nearly the same for all trains. 


16 


4 
COST OF COAL PER TON-DOLLARS, 
Fig. 1. 


Diagram showing the decrease of train expenses per ton-mile of cars and lading accom- 
panying an increase in the weight of trains and with varying prices for coal, 


TABLE 
Wei 
Wussher | Weight Train crew,/Coal used per 
of of locomotive} per mile wages per | ton mile of 1 ae oti “0 
cars. Tone jand tender. run, mile run. | total train, per mile oun 
ons. | Tons. Cents. Cents. Pounds. Cents. w 

15 | 675 } 7 5.33 7.25 ~1275 3.62 

25 | 1 125 85 5.33 7.25 .1275 3.62 

50 | 2 250 95 5.33 9.25 -1275 3.62 
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The cost per useful ton-mile for train wages is, general, the con- 
trolling element here, and decreases the train loads are increased. 
the fuel account there saving from heavy train loads 
the point where the engine excessively overloaded. This fre- 
quently observed from tests locomotives, but account taken 
the diagram. Take two locomotives and give one heavy and another 
light train; the one with heavy train will use more coal per mile, 
but there greater useful load proportion the dead load 
locomotive and tender, and the resultant coal per useful ton-mile 
less with the heavy train than with the light train. This reduction 
cost transporting useful loads goes on, even after the load in- 
creased, point where the scientific steam engineer would deem the 
locomotive too much overloaded for the economical use steam. 
much bearing does the environment condition and cost wages 
have the policy locomotive operation, that the extreme cases 
where fuel less than per ton, the most economical train load 
the maximum load that can hauled one engine almost regardless 
the economy with which the steam used; this shown 
Fig. So, then, the United States, heavy trains, high wages, sharp 
competition and high rates interest, fix the main distinctive feature 
American locomotive practice, which the greater hauling power 
the locomotives. This greater power obtained two ways; first, 
using locomotives greater weight, and second, forcing the boilers 
degree almost unknown elsewhere. 

Outside the greater hauling power, which necessarily requires 
greater weight and larger parts, and the forcing the boilers and the 
machinery, which increases the wear and tear, there not much dif- 
ference locomotive practice here and other countries gener- 
ally supposed. From the external appearance locomotives dif- 
ferent countries, one led expect important differences the vital 
parts construction; thus the smoothly encased European locomotive, 
with weather shield instead cab, often appears quite 
different machine from the American locomotive with its structural 
parts exposed view and with small house top the boiler; yet 
the organic differences are really small. Each has pair single- 
expansion steam cylinders, either inside outside the frames, 
which the steam admitted, and from allowed escape single 
plain slide valve actuated alink motionand eccentrics. The boilers 
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are both internally fired and have approximately the same arrange- 
ment tubes and parts. The frame construction both consists 
two horizontal and longitudinal beams, made either bars plates. 
The guiding and carrying trucks are perhaps more generally used the 
United States, but not extent that would justify the claim thata 
swiveling truck distinctive feature American locomotive practice. 
Carrying trucks have sometimes two wheels, and again four wheels. 
Sometimes they swivel, and addition swing laterally. Where they 
not swivel swing laterally, considerable end play allowed 
the bearings, which gives them, considerable extent, the equivalent 
lateral motion. Many engines the United States are without 
lateral motion the trucks, and Europe.one finds many trucks that 
both swivel and move laterally. 

The drivers and connecting rods locomotives all countries are 
alike all functions; and on, throughout the principal details, there 
but little the general purposes construction that can con- 
sidered distinctive differences, differences that should materially 
affect the economy operation under the same and equal conditions. 
However, few are the important differences general features, yet 
there are many and great differences detail when viewed from the 
standpoint the experienced locomotive builder. These differences 
not affect the economy operation, but govern somewhat the 
bility and affect mainly the amount labor required construction, 
and thereby influence the first cost. main distinctive features are 
follows: 

Boilers.—Both Europe and the United States, one finds the 
straight top, the wagon top and the Belpaire boiler. impossible 
say which these three types most used the United States 
the present but appears from observation the engines 
built all countries during the past two years, that there prevail- 
ing tendency toward straight top boiler, with Belpaire radial 
screw stay firebox. The crown bar boiler falling into disuse, owing 
its greater weight for equal power and the trouble which gives 
when the feed water contains scale-producing compounds. 

The difference between the Belpaire and the radial stay boiler lies 
the shape the top the firebox rectangular for the Bel- 
paire and semi-circular for the radial stay type, shown Figs. 
and The crown bar boiler shown Fig. 
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some sections the United States there are large amounts 
fine coal and slack that cannot burned the ordinary locomotive; 
and such places here, Belgium, one finds peculiar 


Fig. 5. 
American Wootten Radial Stay Firebox. 
tion locomotive fire-boxes. this country the most common type 


for fine coal the Wootten. The form generally used that shown 
Fig. new form, having Belpaire top, has been proposed. 


= 
b 


394 BARNES AMERICAN LOCOMOTIVE PRACTICE. 


not unlike that used Belgium, and shown Fig. The 
Wootten type boiler has been very successful where there 
cient quantity fine coal; but some western roads the United 
States, where has been tried, there has not been enough fuel keep 


Fig. 
Belgium Belpaire 
the engines supplied. Add this the disadvantage having keep 
stock two classes fuel for engines the same terminal, and the 
‘difficulties experienced with the large crown sheets, and the reasons 


are found for the infrequency this type firebox sections 
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WATER EVAPORATED PER LB.OF COAL FROM 212° 


COAL USED PER SQ, FT. GRATE PER HOUR-LBS. 
Fig 


Diagram showing the decreare in evaporation of water per pound of coal from and at 
212° Fabr. which tollows an increase in the coal burned per square foot of grate per hour, 
with English and American coals, 

C = English coal as determined by Rankin. 

D = English coal as determined by Kenuedy and Donkin shop tests of a 
locomotive. 

American coal—Brazil block—Indiana—Goss, Purdue University shop 
tests. 
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the United States remote abundant coal supply. Locomotive 
boilers with grate areas large these not use good coal econom- 
ically, the limit economical increase grate area for free- 
burning fuel exceeded. seen from Fig. increase grate 
area, which is, course, followed decrease the rate com- 
bustion coal per square foot grate per hour, conducive 
economy; but there limit this increase, which cannot exceeded 
without loss from incomplete combustion and excess air supply 
through the grates. Large grates are difficult cover properly, and 
the fuel free-burning impossible regulate the fire accu- 
rately, and much heat lost the blowing the safety valves when 
the train station while descending grades. 

There nothing, therefore, the general shape and design 
boilers locomotives that can said distinctively American 
but when look into the materials construction, find 
the American locomotive boiler differs materially from all others, and 
may said that the use steel for fireboxes distinctively 
American practice. Great Britain, where all portable engine boilers 
and marine boilers are built with steel fireboxes, there not one rail- 
road company using steel for locomotive fireboxes, and there are but 
few steel locomotive fireboxes the whole Europe. 

The tubes foreign locomotives are more generally made brass, 
and the United States iron and steel. From American stand- 
point, copper fireboxes and brass tubes have advantages that 
would induce the railroads here use them. Good steel fireboxes 
not crack, and good iron tubes last long that the cost depreciation 
and repairs depends more upon the purity the feed water and the 
which the boilers get washing out than upon the material the 
fireboxes and tubes; and one here believes, far the writer knows, 
that brass tubes copper fireboxes would have longer life cost 
less the end than good steel boxes and the best iron tubes. true, 
course, that copper sheets and brass tubes, even high price, are 
cheaper the long run than bad steel sheets and inferior iron tubes 
prices next nothing; but careful railroad companies not use 
bad material for firebox sheets and tubes. The best steel fireboxes 
last service from years. The average life much less, and 
about the same that the copper fireboxes used Europe, which, 
according the repair statements some foreign railroads, from 
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years. The cost repairs resulting from broken stay bolts, 
burned sheets, and cracks due scale deposits and vibrations, which 
are common all locomotive boilers using bad water, regardless the 
material the fireboxes and tubes, great that the replacement 
steel firebox sheets that are worn out normal service not such 
comparatively expensive repair might supposed. Thescrap value 
purchased for about cents pound, while copper sheets cost from 
pound. The scrap value copper uncertain, and de- 
pends upon the market. Ten cents pound not too high esti- 
mate for the loss per pound copper between the first cost and the 
scrap. This difference will permit the steel firebox renewed 
least twice, and closer estimate shows that this country, with the 
prevailing prices, two steel fireboxes can put into locomotive 
boiler for cost, including labor, that will not exceed the net cost 
copper firebox with allowance for scrap. Each renewal 
cracked copper sheet costs much more than the renewal steel 
one, and cracks are expected with bad feed water and careless 
boiler washing, matter what the material. the copper was 
more durable than the steel firebox, the fact remains that the Ameri- 
can locomotive has practically passed its period usefulness after 
about years service the prevailing American plan running 
heavy trains and pooling engines. This, taken together with the 
continual development size and construction engines general, 
tends lessen the period years during which locomotive 
used this country, make neither advisable nor desirable 
put into construction high-priced material, complicated parts re- 
quiring much hand labor, get longer life any part than the life 
the engine whole. Steel proper kind good for loco- 
motive boilers for marine boilers, and those who formerly used 
copper for marine fireboxes have long since abandoned for steel, 
this material having been found the more satisfactory. 

has been claimed that advantage accrues railroad com- 
pany using copper and brass for heating surfaces account the 
greater conductivity those materials but this apparent advantage 
reduced the loss due the greater thickness the copper sheet 
and considering the probability that iron and steel will convey heat 
from the fire the water faster than the water can absorb the heat, 
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there little, any, actual advantage conductivity left for the 
brass and copper heating surfaces. very little scale will remove 
entirely any advantage there might found otherwise the greater 
conductivity brass and copper. Americans are not without experi- 
ence with copper and brass locomotive boilers, and may 
accepted that the continued successful use steel fireboxes and 
iron tubes this country distinctive feature American loco- 
motive construction, and one that actual service has shown 
economical under American conditions railroad operation; and 
there much reason believe that these materials would quite 
economical any other country, especially nowhere else are the 
fires locomotive boilers forced much they are here. The con- 
tinued use copper fireboxes foreign locomotives, after much 
marine experience with steel, surprise American railroad men. 

Otherwise than the firebox material and the differences general 
dimensions given Tables Al, A2, A3, there are important dis- 
tinctive features American locomotive boiler construction. 


Fig. 8. 
American Bar-Frame. 


Fig. 9. 
Foreign Plate-Frames. 


Frames.—The American locomotive frame universally the bar 
type, while that the foreign generally the plate type. These 
‘types are shown Figs. may said that the bar con- 
struction American plan, was first generally adopted here, 
and popular idea that was designed give locomotives ver- 
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tical flexibility rough track; but for this was unnecessary after 
the adoption equalizing levers connect the points support and 
allow the individual carrying-wheels rise and fall without caus- 
ing excessive changes the weight thereon. fact, the bar-frame 
has been securely attached the rigid and stiff boiler shell that its 
vertical flexibility, apparent when the bar-frame lies the frame 
shop before erection, disappears almost entirely when placed 
the engine and secured the boiler. American builders locomo- 
tives have been criticised for the construction bar-frame, the 
ground that such frame stiffer than plate-frame laterally, and 
therefore not well adapted the perhaps more crooked roads 
this country; but there just ground for such criticism, the 
difference the stiffness the bar and plate-frame apparent and 
not real. these frames lie machine-shop floor, the plate-frame 
the more flexible laterally; but both are placed position and 
braced, they always are, there practical difference the stiff- 
nessofthem. Both form part deep girder, having heavy 
chords, the girder whole being attached stiff and rigid boiler. 
practically true that neither the plate nor the bar-frame has 
superior lateral vertical flexibility which results any beneficial 
effect the action engines service. However, some engines have 
been built this country without much lateral bracing, and with the 
boiler barrels high render the attachments the frame thereto 
more flexible, and these engines have therefore more flexible frames 
than the general practice; but, far can seen, the results from 
service are not different from other engines having comparatively 
stiffer frames. 

The bar-frame has the advantage giving better opportunities for 
attaching the details the engines, but the plate-frame being without 
welds can made with more security from breakage. this country 
the bar-frame lends the engine the accessibility necessary cold 
weather, when oil congealsand the motion-work needs constant watch- 
ing. So, too, facilitates the examination the machinery the 
short intervals stopping during Probably this advan- 
tage will continue the future, has the past, promote the 
use the bar-frame this country, where the extremes weather 
and the rough handling engines require all parts accessible 
and within the range the engineer’s and fireman’s eyes they look 
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about the machinery during the short stops long runs. some 
other countries has been found practicable oil the main bearings 
the engines from pipes leading from the cab manifest advantage 
with the deep plate-frame which obstructs the oiling); but here the ex- 
tremely cold weather makes such plan impracticable. 

Recently, avoid breakages welded bar-frames, some American 
builders have made them from rolled steel slabs, the slabs being rolled 
from ins. thick, and then planed both sides and cut out 
slotters the shape and form the welded frames. The objection 
this the increased cost and the difficulty welding the steel 
broken service. the other hand, improvements are being made 
the welded iron frames using muck bar instead scrap-iron for 
the shapes. Scrap this country now contains such large and un- 
known percentage steel that longer safe use for parts 
that give much trouble from breakage. 

not understood from what has been said here that slab 
frames not break, for they certainly do; but not frequently 
the bar-frames; yet the cast horn-blocks used slab frames often 
break, that altogether there may after all advantage with 
slab-frame point freedom from breakage. 

Equalization.—The equalization weight between wheels, uni- 
versal here, and frequently considered being used but little 
foreign engines, not distinctive feature American construc- 
tion. almost universal Germany, and frequently used 
Great Britain, France and elsewhere. The plan equalization 
general the same everywhere; provides three points support for 
the body the engine, that whatever the position the wheels 
vertically within about 2}-in. limit, the weight the wheels will not 
materially different. Without equalization rough track 
possible have excessive weight one pair wheels. Generally 
the leading truck, the leading pair drivers when truck, 
taken one the points support. The other two points sup- 
port are the resultants the two equalizer systems, one each side 
the engine. Figs. 10, 11, and show the more common 
methods adopted for equalization this country. 

When equalizers are not used, the weight distribution depends 
upon the adjustment the spring hangers. When there pair 
carrying wheels front and back the drivers, some classes 
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Fig. 10. 


Fig. 11. 


Fig. 12. 
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Fig. 13. 
Equalizing system for American Mogul Locomotives. 


Fig. 14. 
Equalizing system for American Consolidation Locomotives, 


foreign locomotives, the weight drivers can changed greatly 
changing the lengths the spring hangers. The variation weight 
drivers that can this way produced much per cent. 
course, such changes can only made changing the weight 
the trucks. Ifthe springs are stiff, equalization system abso- 


Equalizing system for American Eight-Wheel Locomotive. 
| 10} / | \ 
H \ 
\ 
Equalizing system for American 10-Wheel Locomotive. 
Equalizing system for American 12-Wheel Locomotive. 
~ 
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lutely necessary this country, with its large percentage uneven 
track, order prevent the hard riding the engines and the break- 
age springs but with long and flexible springs, there less need 
for equalization. This appears from the analysis the changes 
weight drivers accompanying various the track when 
the engines have stiff flexible shown Fig. 15. 


OEFLECTION TRACK UNDER FORWARD 
INCHES. 


Fig. 

Diagram showing the change weight drivers four- ~upled American eight- 
wheel locomotive produced by a deflection of the track when equalizers are not used between 
thecoupled wheels. 

Normal track per wheel 000 

Stiff spring deflects 2 ins. with 13 000 lbs. 


will seen from this diagram that decided and abrupt change 
the vertical alignment the track produces much change the 
distribution weight drivers when there are equalizers, even 
when very flexible springs are used; and therefore this country, 
where rail joints are liable the only way keep approxi- 
mately uniform weight drivers slow speeds provide for 
equalization. impossible this paper enter upon discussion 
the common roughness track this country; yet best 
say that the main track the well-supervised roads here quite 
sufficiently well kept permit engines run without equalizers; 
but the sidings and the average track are such condition de- 
mand equalizing system give durability the springs and 
prevent severe twisting strains the axles and the breakage crank 
pins sudden changes load. 
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grave question whether the use equalizers between the 
driving wheels locomotives best for the track joints; for 
example, the locomotive with the weights assumed for Fig. 15, has 
equalizers and run over weak and low joint, that joint will 
subjected the full pressure each driver, 000 lbs.; 
but the drivers are not equalized, the pressure the joints depends 


DROP WHEEL—INCHES. 


SPEED;MILES 
Fig. 16. 
Diagram showing the distance that locomotive driving wheel will drop move down- 
ward the action gravity and the force the spring above the wheel while passing over 
various spaces in the track at different speeds. 


upon the deflection the joints. If, with stiff springs over the 
wheels, the joints deflect much ins., the load thereon would 


PERCEN T.OF COUNTERB ALANCE PRESSURE. 
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but However, the foregoing true only when the 
engine moving slowly, and therefore only applies the bad track 
common sidings and yards. 

speed the inertia the driving wheels and their attachments 
resists any sudden downward movement the wheel into depression 
the track. miles hour, the time passing the ft. pre- 
ceding rail joint about .017 second. The force gravity and the 
force the spring above the driver would cause the driver move 
downward but about .206 in. this interval (see Fig. 16), that 
even the statical load the driver under normal conditions 
would cause in. deflection joint, yet, owing the inertia the 
driver and its attached parts, the force the spring above the wheel 


Diagram showing the percentage counterbalance pressure the track 
which exerted different points during complete revolution locomotive driving 
wheel when the track rigid and does not deflect under the load due the counterbalance 
pressure. 
and the action gravity would only move the driver downward .206 
in. Thus, while equalizing system between driving wheels has the 
tendency keep the weight drivers uniform, and also throws full 
load weak joint low speeds, yet high speeds the load 
materially reduced the inertia the wheel and its parts, and the 
pressure the wheels the rail means uniform, although 
the equalizers provided. Also, high speeds the variation weight 
the track produced the counterbalance quite disarranges any 
distribution weight that would otherwise come from equalizing 
system. Figs. 17,18 and show that far the pressure the 
wheels the track high speeds concerned, much more depends 
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upon the rigidity the track and the amount counterbalance than 
upon the equalizing system. 

Counterbalancing.—American locomotives ride easier than the foreign 
account the longer springs, the higher boilers, and the greater 
total weight. The counterbalancing, fore and aft, quite perfect 
here, but more counterbalance used not more proportion the 
amount the weight balanced, but more total; the reason 
being that much less attention has been paid the reduction the 
weight the reciprocating parts the United States than other 


PRESSURE RIGID TRACK DUE EXCESS 
POUNDS. 


SPEED MILES HOUR. 
Fig. 18. 


Diagram showing the maximum pressure rigid track due that portion the 
counterbalance of a locomotive that is used to counteract the horizontal effect of the recipro- 
cating parts American and foreign locomotives the same size cylinder. This diagram 
also illustrates the reduction of the variation of pressure of a driving wheels upon the track 
that follows an increase in the diameter of the driving wheels and a reduction of the weight 
of the reciprocating parts, 
countries. Perhaps the reason is, that reduce the weight recip- 
rocating parts beyond certain limit entails decided increase cost; 
but whatever the reason, one finds the weights the pistons, cross- 
heads, piston rods and connecting rods, heavier ‘engines this 


country than Europe. fair estimate the proportion the 
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weights these parts, used here and foreign countries, fol- 
lows 


Recently more attention has been paid the reduction the 
weights reciprocating parts locomotives the United States, and 


TRACK DUE 


PRESSURE RIGID 


100 
HOUR. 


Fig. 19. 

Diagram showing the decrease in the maximum track pressure, of that part of the loco- 
motive counterbalance that used counteract the horizontal effect the 
parts, which accompanies an increase in the diameter of the driving wheels on the same 
engine with the same reciprocating parts, 18x 24 in. cylinder, 
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few the latest designs have less reciprocating weight 
balanced than found average American practice. 

there should allotted counterbalancing locomotives the 
importance that given some our railroad track and bridge 
experts, would, perhaps, necessary class the heavy reciprocat- 
ing parts used here distinctive feature, and bad one, the con- 
struction American engines. not uncommon for our track 
experts advocate the removal that portion the counterbalance 
which put counterbalance the reciprocating parts. Recently 
attention has been strongly directed this matter here that step 
advance has been promised, and light cast-steel and wrought-iron 
pistons are being talked but the improvement proposed small 
and does not give the light weight parts that found 
other countries. 

not just say that all American engines have such very heavy 
reciprocating parts has been indicated here but rule American 
engines have these parts much heavier than necessary, and this 
leads the excessive counterweights, which have given ground for 
just criticism this feature American locomotive design. in- 
stance, some compound locomotives have been built this country 
with single piston weighing over 800 lbs. The builders did not 
realize the time the result this, and put much counterbalance 
was necessary make the engine ride well. The result was almost 
disastrous the track miles hour, the maximum pressure 
the rail reaching nearly 50000 per wheel. this speed the 
wheels this engine lifted from the rail when the counterbalance was 
and seriously affected the track when the balance was down, has 
been the case before both this and other countries when engines 
have been overbalanced. several instances, both here and abroad, 
short sections track have been badly damaged running over- 
balanced engines high speed. one case was caused running 
engine with small wheels high speed without the parallel rods. 

The comparative effect counterweights some American, 
English, German and French high-speed locomotives given 
Fig. 19. This diagram, when read connection with Figs. 15, 
16, and 18, shows how the distribution the weight loco- 
motive the track affected the counterweight, and the 

deflection the rails when engines are moving high speed. All 
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these matters affect the limit weight that admissible 
one driving wheel, that those who have determine the limit for 
any given track need make careful analysis the detail designs 
locomotives order reach safe conclusions. Such analysis 
one the duties the railroad civil engineer, and studying this 
problem, the long lengths track over which spread the downward 
action the counterbalance, shown Fig. 17, must not for- 
gotten. 

has been shown that requires time for wheel drop into 
depression the track, and how this materially affects the load 
weak joint, yet this statement needs modification the extent that 
affected the distance between the center revolution and the 
center gravity the driving wheels. This distance about 
1.3 ins. for the wheel considered the counterbalancing for 
American engine, given Fig. 18. wheel will follow instantly any 
deflection rail the amount the distance center 
gravity from center figure, and therefore track having such 
elasticity that would deflect, under the additional load brought 
upon the counterweight, nearly great distance that 
between the center gravity the wheel and its center figure, 
there would but little additional pressure brought the rail 
the centrifugal tendency the counterbalance, the reason being that 
the wheel would then revolve nearly its center gravity, and 
would have, therefore, but little centrifugal tendency. 

This example the extreme condition, and only serves illus- 
trate more clearly the point now being made, which that such de- 
flection the track actually takes place good roadbeds reduces 
materially the effect the counterbalances. this matter some have 
erred assuming the whole centrifugal tendency that would exist 
the wheel revolved its center figure, and the track did not 
under the increased load. Such deflection the track actually 
does occur has large modifying effect the variation pressure 
the rail, caused the centrifugal tendency the counter-balance 
for the reciprocating parts. doubt the flexible track used here has 
decreased considerably the damage that would otherwise have resulted 
from the use heavy reciprocating parts our track had been laid 
more rigid roadbed. 

Centrifugal action not, strictly speaking, force, but only 
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tendency, and does not exist unless the wheel constrained revolve 
the counterbalance light, the distance from the center gravity 
the center revolution that the centrifugal tendency that 
would exist rigid track greatly reduced comparatively 
flexible track. 

Driving- Wheel Centers.—In this country driving-wheel centers are 
generally made cast iron, with the tires held shrinkage alone. 
The Pennsylvania Railroad has had few wrought-iron centers use 
for several years the Chicago and Erie Railroad has quite number 
wrought-iron centers the Vauclain type, and there are few 
wrought drivers other roads here; but, general, hard cast iron 
used. foreign countries the wrought-iron cast-steel driving- 
wheel center common practice, and tires are held retaining 
rings. The retaining ring, some other auxiliary tire fastening, 
necessary addition the security obtained from shrinkage the 
tire when wrought light cast-steel center used, owing the de- 
flection the light center under the heavy stresses caused shrink- 
age the tire, and this which governs the use retaining rings 
and other tire fastenings. Such wrought-iron centers have been 
used here have had auxiliary tire fastening, and where light centers 
are common, tire fastenings are common Cast-iron centers for 
wheels ft. diameter have been proved perfectly safe with- 
out auxiliary tire fastenings, and such centers are used this country 
mainly account the low first cost. Wrought centers would 
better service than cast ones our smaller wheels, and, therefore, 
doubtful wrought-iron centers will ever much used this 
country for wheels less than ft. diameter. One advantage our 
heavy driving wheels the reduction the distance between the 
center revolution and the center gravity, and this tends reduce 
the effect the heavy reciprocating parts used here. 

Tenders.—The foreign tender generally the type shown Fig. 
20, and the American the type shown Fig. 21. The American 
differs from the foreign mainly the frames and trucks. the Amer- 
ican there are two trucks the swiveling type. Lateral motion trucks 
are not generally used here for tenders. Taken altogether, the foreign 
tender appears more practical than the American, and the service 
trial one with the Webb compound the Pennsylvania road during 
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the past two years has led some our railroad engineers 
extensive trial six-wheel tenders the place the eight-wheel, 
order gain, possible, the greater simplicity and accessibility 
and the less weight the foreign type. 


| 


Fla. 20, 
Foreign Tender, 


Fig. 21. 
American Tender. 


Method Operation.—The American locomotives, which 
results from the necessary policy hauling heavy train loads, 
perhaps best illustrated Fig. which shows the decrease 
the evaporation water per pound coal locomotive boiler 
which accompanies increase the coal per square foot 
grate perhour. perhaps better than 
because much the coal that thrown into locomotive firebox 
burned, but goes through the tubes the form cinder and 
smoke. This diagram taken from many results obtained within the 
last three years American railroads, during locomotive tests, where 
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the coal used per square foot grate per hour has varied from about 
nearly 200 lbs. That there the marked decrease evaporation 
accompanying increase the rate coal used that shown 
the diagram becoming well known here, and has recently led 
stronger conviction about the advantage using large grate areas, 
some recent tests three locomotives, having different grate areas, 
was found that the coal used per square foot grate varied almost 
inverse proportion the total area the grates, and the water evapo- 
rated per pound coal decreased with the increase coal used 
almost exactly shown the diagram. This led the conclusion 
the time that the larger the grate that could put locomo- 
tive the greater would the evaporation per pound coal used, 
provided always that the grate does not exceed size that which can 
properly handled the firemen. some cases have made the 
grates too large, but rule good fireman can properly fire 
furnace with grate not exceeding 10} ft. length, and this 
length practicable go. roads where deep firebox with 
comparatively small grate has been used for long time, the firemen 
object strongly the introduction shallow firebox and larger 
grate, requires more skill and attention. 

the coal diagram, Fig. there are three lines—one showing the 
evaporative power Western American coal, such commonly used 
the vicinity Chicago and farther west; the next line gives fair aver- 
age the coal used throughout the United States; the upper line shows 
the better quality the best American and the average English coal. 
Perhaps the difference the English and American coals better 
illustrated the points representing individual tests Kennedy and 
Donkin, and the results obtained Mr. Webb with the compound 
locomotive ‘‘Greater points are considerably above 
the highest results from American locomotives using the best American 
coal (see the result obtained Professor Goss during the Purdue 
University shop tests locomotive). The continuation the upper 
line the diagram from illustrates the difference the way 
which locomotives are worked here and foreign countries. 
not common, except the United States, use over coal 
per square foot grate per hour. The difference between the evapo- 
ration per pound coal used from and that given the line 
representing the average American coal, shows how much greater 
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the efficiency boilers operated without forcing than under the Amer- 
ican plan operation. The average evaporation per pound coal 
used throughout the United States not over water from 
and 212°, while that foreign countries, when operated between 
the limits and the diagram, and which taken the 
average work, nearly lbs. These figures correspond consider- 
able difference coal used per square foot grate per hour namely, 
150 Ibs. for the American and about for the foreign. 

There such wide difference the evaporating power the 
coals found various parts the earth, that comparison the 
performance locomotives using different fuels well-nigh impossi- 
ble without full knowledge the chemical composition the fuel 
used and practical knowledge its mechanical action locomo- 
tive firebox. Coals having much moisture and large percentage 
ash made fusible silicates not give results evaporation that 
would expected from examination the chemical composition 
and coals having the same percentage hydrogen, carbon, oxygen, 
etc., not necessarily give the same results evaporation hence, 
practical knowledge the value various fuels locomotive boilers 
absolutely necessary before fair comparison can made the 
relative performance different engines under otherwise equal condi- 
tions. 

The varieties coal common use and the wide difference 
composition may seen from Table but, unfortunately, the real 
value the fuels practical operation cannot learned from this 
table, owing the lack data recorded the different experiment- 
ers. What lacking the real evaporative power the fuel under 
equal conditions, and there much merit the proposition recently 
made one our engineering societies, establish central testing 
station, with standard boiler operated under standard conditions, for 
the purpose determining the relative value various fuels. 

Perhaps Fig. illustrates well need the reason for the 
greater economy foreign locomotives under the conditions 
average operation. course, the foreign engine were forced 
much that the coal used per square foot grate would increase 
from 150, the evaporation would drop from about and 
the coal used English engines were better than that used here, 
the evaporation would certainly drop less than lbs. water per 
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pound coal, the same for the American locomotive. Although 
there evidently waste coal the American plan operating 
locomotives, yet, has been shown the discussion Fig. there 
gain the railroad company doing this. Perhaps the following 
approximate estimate made from such accurate data now 
available will give sufficiently close comparison the coal used 
the best foreign and the best American passenger train service, average 
coal being taken both cases 


TABLE 
Coal per ton Coal per ton 
Total train, square foot jated per pound). 
hour, 212° Fahr, 8 

Foreign........ | 220 -12 Ibs, 60 Ibs 94 Ibs. -182 Ibs. 

United wanes 400 110 “ 


This comparison shows how little the difference the weight 
coal used per useful ton-mile here and abroad, under about the same 
conditions, even when allowance made for the difference the 
quality the coal. What this difference quality amounts can 
seen Fig. which lines are drawn for 
the average American and average English coals. With the same 
coal for both typical locomotives, the American practice heavy 
train loads would result less coal per useful ton mile. the 
United States, wages and train expenses other than for coal are 
comparatively great leave choice train practice, and rail- 
roads are compelled condense the passenger traffic into heavily 
loaded passenger trains run long intervals order pay expenses. 
There are few cases here where lighter trains than the average can 
run with profit, such between New York City and Philadelphia; but 
even there the trains must heavier than the average foreign train, 
more passengers must carried per train pay the greater cost 
wages and other train expenses. Where parlor and sleeping cars 
are run, the greater weight train per passenger also causes heavier 
train loads. This seen from Table 
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TABLE 


weight 
Country. Car wheels, | °™pty car tender per 
passengers car per 
witn trucks, er car ose pass, if seat- 
ing capacity 
is taken up, 
United States.. Sleeper 12 100 000 28 3 571.4 6 312.5 


sad Day coach 8 56 786 62 913.0 


There are many other conditions this country that compel heavy 
passenger well heavy freight trains, and particularly this true 
for through trains where the distances are long and the trains cannot 
run frequently. Each modern train has dining car, baggage 
car, and frequently one two mail cars addition the cars for 
passengers. Frequent light trains would not possible, owing 
the great distances between towns and the lack traffic pay for 
the greater cost train expenses. necessary most roads, 
order regain the cost running passenger trains, limit the num- 
ber trains and compel the public wait until the end business 
hours, until railroad connections give probability train load 
passengers. Thus found the West that trains leave prin- 
cipal cities mostly night after business hours. Heavy trains being 
necessity, follows that locomotives must have great starting power, 
and this has confined American passenger engines comparatively 
small wheels. 

Small Express Service.—We have been frequently criti- 
cised severely for the use and 5}-ft. drivers for express passenger 
work, but have choice. forinstance, 400-ton train 
hauled out city like Chicago, having many grade crossings and 
grades from the main line which the train may 
stopped. The only possibility hauling such trains and making the 
necessary local stops using small wheel and very powerful 
engine. When these heavy trains are speed the resistance less, 
the inertia has been overcome, and not much weight thereafter 
needed the drivers. After one our heavy trains accelerated 
speed, locomotive with 9-ft. drivers could keep motion and 
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accelerate slowly higher speed with greater economy than our 
present engines but are compelled use the small drivers 
order start trains and accelerate them, there recourse but 
use them even for very high-speed locomotives. The maximum rate 
acceleration one our heavy trains (494 tons) given Figs. 
and 23. 


BPEED IN MILES AN HOUR, 
STTME FROM STARTING POINT*SECONDG, 


1000 2000 3000 4000 7000 
DISTANCE FROM STARTING 
Fig. 22. 


Diagram showing the maximum acceleration different distances from the starting 
point of an American train of 494 tons, including the locomotive and tender. 


The Empire State Express the New York Central good ex- 
ample the design locomotive that compelled the conditions 
operation existing the United States. This locomotive weighs 
tons, which 40} tons are the drivers. The wheels are ft. 
diameter and the cylinders 24ins. This engine has very much 
more weight drivers than needed furnish adhesion haul the 
train when high speed but even with the five-car train, which 
the usual load for this engine, there none too much boiler and 
cylinder power and weight for use during the accelerating period after 
leaving stations and start the five-car train quickly when stopped 
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ona grade. any other country wheels least ft. diameter 
would used for the fast work performed this engine. 

One the most important factors affecting the size drivers 
the western section the United States the necessary policy (for 
economy) pooling the heavy passenger engines with the freight 
engines. This pooling plan contemplates the use all locomotives 
freight service whenever advantageous so; hence locomotive 
may haul fast passenger train westward for 300 miles and return 
with and heavy freight with athrough freight passenger 
train schedule. roads this pooling plan for engines governs 


the size the drivers, large drivers cannot used slow freight 
service. 


SPEED IN MILES AN HOUR, 


DISTANCE FROM STARTING POINT-FEET, 


100 120 
SECONDS OF TIME, 
Fig. 23. 

Diagram showing the maximum acceleration after different periods of time from the 
starting point of an American train of 494 tons, including locomotive and tender, when 
hauled by an American 10-wheel or Mogul locomotive with 47 tons on drivers and when 
equipped with the most improved valve motion. 

gain adhesion starting trains, have been urged use the 
sand blast, but material advance has been made here with that 
device, not much from lack appreciation the true value 
sand blast from the fact that when our engines have boiler power 


enough haul our heavy trains with comparative economy there 
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found sufficient weight drivers start the trains without the 
need sand blast, excepting with slippery rail, and that provided 
for here the sandboxes used. However, the sand blast more 
effective than the ordinary sandbox arrangement, and may expect 
that future locomotives for higher speeds than are now common 
this country will have larger wheels and cylinders than our present 
types; and will supplied with the sand blast, necessary, give 
greater adhesion For high-speed work eventuaily 
compelled pay more attention the decrease total weight 
engine and tender increase the useful train weight light trains, 
large wheels and track tanks for water supply are the most necessary 
conditions for exceedingly high speeds. 

The advantages large driving wheels are well understood here, 
and much larger wheels would used were practicable 
One the main advantages large wheel the better action 
the valve motion. Perhaps this best shown Fig. 24, which 


= 


‘REVOLUTIONS PER. mmute. 


Pig. 24. 

Diagram showing the decrease in the maximum mean effective pressure per square inch 
of piston, with the best erd the ordinary valve gears, which follows an increase in the num- 
ber of revolutions per minute of locomotive driving wheels. Boiler pressure, 175 lbs. per 
square inch absolute, : 


gives the reduction the mean effective pressure the cylinders 
locomotives which accompanies increase piston speed. The 
full line shows the greatest mean effective pressure that has been 
obtained any locomotive this country with 5}-ft. wheel, with 
boiler pressure per square inch. This line has been drawn 
from the results obtained from some indicator cards taken with special 
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valve motion which gave wide opening the steam port and very 
late closing the exhaust. practically corresponds with the results 
obtained the Reading road with large ports and valve travel 
and 1}-in. outside lap. The dotted line shows the decrease the 
mean effective pressure with the ordinary proportions Stephenson’s 
link motion used this and other countries. The variation mean 
effective pressure different speeds resulting from different designs 
valve motion given the difference between the dotted and full 
lines. The decrease the maximum mean effective pressure which 
accompanies increase speed has more bearing upon the possibili- 


20000 


PULL 


SPEED MILES HOUR. 
Fig. 25. 
Diagram showing the decrease maximum pull drawbar which follows increase 
in speed of a locomotive with 19 x 24 in, cylinders and 5}4-ft. driving wheel, 


ties high speed than any other feature locomotive design. Even 
the difficulty supplying steam for high-speed work has not 
much bearing upon the highest attainable velocity railroad trains 
this continual decrease mean effective pressure. using large 
boilers and the best fuel, sufficient steam can generated propel 
trains easily 100 miles hour, but exceedingly difficult get 
motion that will give enough mean effective pressure 100 
miles hour overcome the resistance even very light train. 
This not the result any material increase the train resistance 


422 BARNES AMERICAN LOCOMOTIVE PRACTICE. 


high speed, but arises almost solely from the reduction cylinder 
power caused the inadequacy the valve gear and cylinder ap- 
paratus maintain the same propelling power high speed that 
readily produced moderate speed. 


PERCENT. CYLINDER POWER 
BY_CA 


40) 


PERCENT. TOTAL CYLINDER POWER 
CONSUMED LOCOMOTIVE AND TENDER. 
Fig. 26. 
Diagram showing the increase of the percentage of cylinder power consumed by loco- 
motive and tender which necessarily follows an increase of speed independent of any change 
there may be in train resistance. 


Fig. shows the decrease hauling power the speed 
increased, both with the best and the ordinary valve gear. Fig. 
shows the percentage the power used the locomotive and tender 
and that remaining haul the cars different speeds. This shows 
clearly that the rapid decrease the available for hauling cars 
the prime cause the difficulty running heavy trains high 
velocity. not, has been claimed, caused the rapid increase 
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the resistance the train resulting from head air resistance, suction 
air the rear, concussion, oscillation and other unimportant factors. 

With given valve motion, the speed revolutions per minute 
almost wholly controls the highest attainable mean effective pressure 
the cylinders. The greater the revolutions per minute, the less will 
the mean effective pressure; hence the logical conclusion that 
larger driving wheel should used for high-speed work. The effect 
large driving wheels the mean effective pressure emphat- 
ically shown Fig. 27, which are drawn curves, indicating the 


10 15 200232 40 46 6&6 0© 70 8 & G 100 
SPEED IN MILES AN HOUR. 
27. 


Diagram showing the maximum mean effective pressure on piston at various speeds that 
can obtained with different diameters driving wheels when steam controlled 
any of the existing types of link motion. Boiler pressure 175 lbs. per square inch (absolute). 
variation mean effective pressure different speeds with different 
wheel diameters. From this, one would say immediately, Why not use 
10-ft. But the answer comes once; impossible 
under conditions American railroad operation except for special 
trains which large extra fare can charged. The cost running 
such train could hauled locomotive having drivers ft. 
diameter great the cost running slower one with many 
more cars, and the consequential cost side-tracking freight trains 
and slower passenger trains very great; and these, taken together 
with the greater risk serious collisions, show why practicable 
only very few special cases, any, run trains this coun- 
try speed that would require 10-ft. drivers. Therefore, great 
the advantages steam use might with larger drivers, the neces- 
sarily heavier loads this country the present time compel the 
smaller wheel. 

Small drivers for high speed marked feature American loco- 
motive practice, and one that has many advantages new country 
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with long distances. The maximum speeds here are high any 
other country, and the maximum average speeds for long distances are 
higher here than anywhere else, but have not the same number 
fast trains proportion the total number trains England, 
but have more than the average the continent Europe. the 
present rate development train service between New York and 
Chicago, the fastest and heaviest passenger trains earth will run 
the United States but have much the development 
locomotive design before the most practical locomotive for such service 
will had. Larger wheels and cylinders, higher steam pressure and 
less dead weight engine and tender, will probably the lines that 
will followed gaining the best locomotive for this service. 

Compound Locomotives.—American compound locomotives are almost 
exact counterparts the compound features those used Europe, 
the single exception this being the Vauclain and the Johnstone types. 
More than 400 the Vauclain type have been built the Baldwin 
Locomotive Works. far, marked advantage fuel saving has 
been obtained from the use compounds this country fast pas- 
senger service. This arises from the bad action the valve motions 
used, being more difficult design suitable steam regulating 
mechanism for compound locomotives account the greater back 
pressure the high-pressure cylinder, particularly when small drivers 
freight and suburban service, where the single-expansion 
engine uses steam with less expansion than faster work, the com- 
pounds all types have given reduction from fuel. 
this time, the development the compound locomotive rapid 
that what now true general statement may within year’s time 
shown apply only the narrow limits present designs. 

Duplication cost labor the drafting room, the 
need quick deliveries and the prevailing practice contracts with 
individual mechanics, puts premium duplication and interchange- 
ability parts, and the result that the locomotives each prom- 
inent manufacturer this country have many duplicate parts and 
dimensions, even when the general dimensions the engines differ 
widely. This practice leads low first cost and rapid construction, 
and some extent aids the universal endeavor gain simplicity. 
The defect found the temptation use too small details for 
the larger engines, and too large parts for the smaller ones. However 


| 
| 
| 


| £2 } } = == | 2 
C. M, & St. P..... 4 0 With Outside Single Expansion..... €2 
New So, Wales... 6 0 61 
Penn. BR. B.....- 4 0 } 
4 4 0 bad 738 | 
4 4 0 “ | “ 68 
6 4 0 = Schenectady Compound.... 2 
Penn, 6 4 0 “ sou 
C. R. R. of N, J.... + 4 0 Vauciain Compound.... 73 ] 
Phila. & Keading.. 4 2 2 73 | 1 
C., M. & St. P.... 6 4 0 “ ** j|RKhede Island Compound..| 78 | 2 
W. N.Y. & Pa.... 8 2 0 “ Single Expansion 
~ 2 0 “ Vauclain Compound........ 501 1 
4 0 Schenectady Compound.... 55 2 
2 0 Vauclain Compound........ 50 
4 0 ee “ | 62 | 
2 0 Rogers Compound........ 56h | 2 


(Ratio of cylinde: 


the boiler pressure could not determined from the description the locomotives, 
For compound motives the figures the last column ratios are based the capacity the low-press 
power of single expansion and compound locomotives. 


formula from which column marked Ratio cylinder power weight available for 


TABLE 


a 
| Sis Sea £9 
| 
€2 16 x 24 | 86 000 £4 000 32 009 63 000 15.5 115 
21x 28 | 130 000 97 £00 32 500 72 000 2..9 105 
6S 1) x 24 | 105 200 75 900 30 000 ) Empty 
°1< ca { 35 100 | on 
eeevececs os 62 21 x 26 | 133 000 103 300 29 700 | Emi ty 28.2 
66 184 x 24 131 400 102 800 28 600 | 76 800 18.2 
78 ly x 24 | 123 400 81 000 42 000 87 050 26.2 
738 | 19 x 24 126 15¢ 81 400 44 750 $1 720 27.3 
68 20 x 24 113 C00 100 000 20 000 76 00) 
mpound..... 13 aud 22 x 2t 123 800 83 400 BS 400 38.5 
| 13 aud 22x24 129 006 83 000 46 000 76 
| 63 QWand 29x24 | 115 000 98 000 27.1 
ad Compound..| 78 2land 31 x 26 143 000 &8 500 54 500 OOD 
i 19 x 26 126 870 | 110 650 16 2.0 
| 5 92x28 150 300 150 300 |...... 
19x 2t 128 200 | 99 600 28 600 76 800 
21 x 26 125 00 11340 eee 
} 20 x 26 127 500 =| 101 eee 
| 9x9 9 ¢ 31 000 
erecccccce 54 | 19 x 24 16 900 96 000 33 000 ) Empty 345 18 
mpound........ 50: | Wand 21x 26 129 600 | 116 550 | 13 050 |............ 39. 
Compound.... 55 20 and 28 x 26 126 000 99 5u0 wee 23.6 
mpound........ 50 16 and 27 x 28 193 000 | 170000 | 23000 |........... . 182 
oes 62 | Il2and 20x 26 122 400 87 970 34 430 


yeight available for adhesion,” is calculated as follows: 
2 X cylinder area X boiler pressure X stroke 
Weight on drivers X diameter of driving wheel. 

(Ratio of cylinder power of compound engines cannot be compared with that of the single exp 


of the locomotives, as given by the builders and operators of the locomotives, it has been assumed to be 1 
the capacity of the low-pressure cylinders only, the volume of the high-pressure being omitted. This h 


: 
q 
4 4 
| 


| 


801 43 160 ll 2 Passenger 3 209 10 000 0.461 
105 1 821.5 62 Straight...... 160 0.447 
188.5 1 846.8 G4 160 13. | 2} | 0.450 
147. 1 883.4 160 13. 4} | 3 700 14 000 0.304 
144.3 1 672.2 58 se eteeees 180 12 Oo | 2 | a 3 500 16 000 0.387 
111 1 301 56 Straight...... 169 ee 0 426 
147.7 = 1 «670.7 58 Wagon........ 180 12 0 2 | ed 3 500 13 500 0.385 
| Belpaire | 
186. 1 885 60 Wagou, ...... 160 12 2 2 | = ee ee 0.355 
141.2 1 839.5 53 180 3 800 16 000 0.389 
7 180 13. 08 2 3 500 16 000 0.404 
58 ee 18¢ 10 | 2 | “ 0.476 
62 Straight .... | 180 0 | 2 | 0.542 
160 coe ous 0.417 
oe 200 12 2 4 000 0.554 
eee 160 12 14 2 0.424 
180 2171 63 160 14 6 2} 3 480 0.463 
155. 1 584 55 160 1s 67 2} 
146.2 1 608 60 Straight...... 180 13. «(0 2} te 0.482 
7 180 13. 2} 3 500 13 000 0.472 
Straight...... 180 13. 2} 3 600 | 0) 675 
Belpaire...... 180 3 500 0.512 


le expansion engines.) 


0 be 160 lbs. per square inch above the atmosphere. 
This has been done for the purpose of comparison, and because there is no accurate simple way of comparing the cylinder 


= = Bs 
of os ~ = Compound or single| Si 
2; 2 | (|With..... Inside ...|Single Expansion.. 914g 
London and N. W. ...... Webb Compound... 85 1 
} « lino j vi. 
Great Eastern. 2 2 Outside -| 90 
London and N. 2 O | . Webb Compound... ll 
Great Western ....... 2 | ** ...\Sipgle Expansion...| 924; 
London and N. W.......... 4 | -| 81 
Great Eastern........ ove 2; 0 8k | 
London and N, W. ..... 3 ‘Outside .. Webb Compound....| 73 
Great 6 | 0 ... Worsdell Compound., 58 } 1g 
Midland ....... 6; 0; ... Single Expansion...) 
Lancashire and Yorks hire 6} 0O CNN | 
Tilbury and South 2 Without,. Outside. .| evel | 
Barry 6 0 2 Without.. Itnside . | 


Note.—The formula from which column marked ‘‘ Ratio of cylinder power to weight available for adhesion’ 


(Ratio of cy} 
Nore.—Where the boiler pressure could not be determined from the description of the locomotives, as given 


Fer compound locomotives the figures in the last column of ratios are based on the capacity of the low-presi 
cylinder power of single expansion and compound 1. cowotives, 


} 
| 


TABLE 


single 
ansion, | 


[xpansion...| 
mpound,. 
xpavsion...| 


mpound.... 
‘ | 


Pxpansion. .. 
‘ 


‘ 

Compound. 
Expansion. | 


1.Compound.| | 


Expansion. . 


ympound. . 
Expansion. 
‘ 


‘ 


pmpound.... 
Expansion.. .| 
‘ 


‘ 


ompound.... 
Expansion... 


1 Compound 
Expansion... 


zht available for adhesion 


Inches, 


Diameter of driving 
wheels. 


1134 and 26 


Size of cylinders, 


Inches, 


15 and 30 x 24 
1743 x 24 
17 x 24 
16% x 24 
18 x 24 


19 x 26 


19 x 26 


18 x 24 

18 x 26 

184; x 26 
14 and 30 x 24 
l2 and 2t x 2k 


18 x 26 
13 and 20 x 24 
19 x 26 
18's x 26 
20 avd 28 x 24 
18 and 26 x 24 
19 x 26 
17 x 24 
18 x 24 


17 x 26 
16x22 
1744 x 26 
14 and 30 x 24 
20 x 24 
184, 26 
1744 x 26 
18 x 28 
18 x 26 
17 x 24 
17 x24 
18 x 24 
18 x — 
15 and 26 x 24 
17 x 24 
17 x 28 
16% x 20 
18 x 26 
17 x 24 
18 and 26 x 2t 
1744 x 26 
13 x 20 
19 x26 
x 24 
18 x 26 
17x 24 
173 2 x 26 
1743 x 24 
1943 x 24 
x28 
18 x 26 
18 x 26 


x24 


engine, 
Pounds, 


Total weight of 


91 056 


116 450 
100 800 
103 324 


94 080 
93 4.8 


95 £00 


96 320 


104 720 


&6 700 


103 6.0 


84 200 
96 320 


93 000 


104 550 


$6 040 
92 960 
&1 676 


105 760 


Total weight on 
driving wheels. 


Pounds, 


38 976 


69 440 
69 449 
72 968 
47 040 
35 840 
62 661 
39 200 
67 618 


3 45 
Tv 510 


62 914 
43 600 


95 200 
98 560 
91 056 
$7 360 
136 


103 (40 


74 800 
74 360 
94 108 


8t 560 

> 668 
98 392 
67 8*0 
70 830 
63 168 
88 300 
£4 952 
54 544 


| 104 384 


| 


81 
94 416 


126 336 


8l 760 
78 624 


10t 916 


90 300 


126 560 


95 084 


” is calculated as follows: 
2 X cylinder area X boiler pressure X stroke 
Weight drivers diameter driving wheels. 
(Ratio of cylinder power of compound engines cannot be compared with that of the single « 
f the locomotives, as given by the builders and operators of the locomotives, it has been assumed to be 160] 
the capacity of the low-pressure cylinders only, the volume of the high-pressure being omitted. This ha 


67 200 
42 540 
38 976 
61 600 


61 2 9 
58 912 
98 392 
67 880 
70 820 
63 168 
88 300 
84 952 
54 544 
$5 344 
8&1 800 
94 4°6 
71 820 
81 760 


Yo. 


A2. 


trucks, 


Total weight on 
Pounds, 


52 080 
47 264 
31 360 
30 156 
47 010 
57 568 


| 33 286 
57 120 
37 072 


33 040 


800 
| 64 740 
| 55 720 
| 30 016 
26 348 
| 62 160 


28 
56 000 
52 0-0 
| 25 760 
| 63 056 
| Bl 248 
| 44 550 
| 23 960 


Pounds. 


loaded. 


2 


78 400 


|} 61 150 
see ee 
71 650 


75 040 


700 


244 
90 244 


78 260 
78 512 
56 000 


surface, 


Area of grate. 
Square feet. 


Square feet. 
‘irebox heating 


I 


| | 
| | | | 
| 
| | 
| | | = | 
| | | 
108 | | 17.5 |} il | 
‘ 84 | 410.18 
‘ 98 | 18.3 | 97.5 
i 18 x 26 680 | 21 | 
911 40 68 320 110 | 
8514 | 17.1 | 
| 
St "03 296 17.5 | 110 
a | 0 © 18.75 | 107.68 
| |_| 54 616 16.95 02.4 
60% 0 | 46/95 92 
a 72 


| 


| 


zo" tog & = 3 | sc ° 
nm 
| Feet, Inches, 
a4 1 440 (170 cu, ft. 
2 250 
9 0 
659 960 0.418 
sic 2 000 7 840 0.410 
0.436 
960 
} 963 
0.613 
0.638 
3 500 11 20 0.417 
0.363 
0.738 
0.427 
0.329 
0.467 
0.369 
0.340 


expansion 
»e 160 lbs, per square inch above the atmosphere. 


‘his has been done for the purpose of comparison, and because there is no accurate simple way of comparing the 


| 
| 


Name Railroad Company. 

Western R. R. of France.......... os 

Paris, Lyons and 


Northern R, R. 


Southern R. R, 
Eastern R. 


Paris and St. Germain.... 


Eastern R. RB. of France. 
Western R. R, 
French Stute.......... 
Bouthern of | 
Belgian State. 
Prussian 


Prussian 


Me d.. 


oe 
Hanover 
St. and Warsaw............. 
Jura Simplon............ | 


Indian State. 


wheels, 
Number of front 
truck wheels, 
Number of rear 
truck wheels. 
separate tender. 


Number of driving 
With or without 


> 


2 
a 


Inside 


Out and Inside. 


jOutside.. 


ont Tuside. 
Inside.. 


Outside 


and Inside. 
Outside... ..cce- 


“oe 


Single expansion or 


compound, 


Expansion...... 


“ 
Inside..........|4-Cylinder Compound.. 
|Single Expansion, 
Outside ........ |4-Cy linder ‘Compound. . 
Out and Ins.de “ 
Outside Expansion 
Inside, 


|Compound. 


/3-Cylinder Compound.. 
Cylinder Compound. . 
--3-Cylinder Compound.. 


-|Single Expansion 


2-Cylinder Compound. . 
Single Expansion. 
|Woclf Compound.. 
Single Expansion....... 


Borries Compound. 
Single Expansion.......| 


Woolf Compound . 


|4- Cylinder Compound. . 


Von Borries Compound. 
Compound 
“ 


-|Single Expansion....... 


| 


Inches, 


Diameter of driving) 
wheels, 


4-Cylinder Compound... 

- Single Expansion...... 

--|2-Cylinder Compound. .| 

4-Cylinder Compound. . 
“ 


wo 


© 


a¢ 


naan 


Size of cylinders, 
Inches. 


17.6 x 26 


a3 

>? 


TABLE 


| 


86 688 
96 544 


24. 117 947 


| 118 840 


13.4and 21.2 x 24.4! 107 520 


12.2 and 19.6 x 24.4 


19.6 x 24.4 


18.9x 33.6 
18.4 and 13.2 x 24. 
19.4 x 24 


13.4 and 20.9 x 25.5 


13.5 and 


13.4 and 20.9 x 25. 
18.land 13 x 24 
17.6 x 24 


21. $ and 13. 43 
21.5 and 14. 2x 
14.4x 21 
2 
2 


18.4 x 24 


17 & 19.7 x19 7& 25.6 
19.7 and 17 x 27.6 | 
25.7 and 14.8 x 26.6 


17.7& 20 x 20& 28 


17 19.6 19.6 & 27,5 


17.2 x 24 
17.8and 24x 24 
20.6 x 24.4 
| 15. 4and 26 4x 26 
20 x 24 
19.5 x 24 
17.7 x 23.6 
18.11 x 24 
17 x 24 
18.4 x 24.4 
19.7 x 23.6 
19.7 x 23.6 
15.7 x 22 
16.9 x 23.6 


20x 24 
20 x 24 
19.4 x 24 
14 x 20 
19.7 x 23.6 
} 17. 7x 24. a 
17.8 and 25.6 x 24. 
18. 5x0. 5 
17.9 x 23.6 
17 x 22 
18 x 24.5 
14.2 x 24 
18 x 24.8 
16.9 x 25.6 
14. 5 and 21.7 x 25 
}14.6 and 21.6 x 25 
and 21.6 x 25 
16. 5 and 23.6 x 22 
\18.land 26.4 x 25 
17.7 and 26.4 x 25. 


18 x 26 


117 700 


| 111 100 


120 340 


| 113 3v0 


67 000 
86 400 
672 
968 768 
105 350 
105 280 
105 380 
7a 40k 
95 872 


544 


106 776 
104 000 
113 987 
106 176 
104 230 
92 960 
76 384 
120 960 
116 480 


&4 700 
78 800 


| 
| 
| 
| 


Weight of tender, 
loaded, Pounds. 
Area of grate. 
Square feet. 
Firebox heating 
surface, 
Square feet. 
Tube heating sur- 
face. 
Square feet, 
Diameter of boiler, 
Inches, 


| 
| 
59 000 
83 000 
65 333 
58 000 


56 000 
58 240 


616 


78 O64 


Boiler, wagon top, 
Belpaire or straight. 


60 032 26 656 
60 480 36 U6L 


to 


toro 


~ 


bo 


Wagon 


31.5 5 & 47.5 Double barrel. 


Straight 


Wagon ..... 


Straight 


Wagon....... 


Straight 


Belpaire 


1 
“ 


Wagon ...... 
Beipaire ..... 


Straight 


Lentz stayless 


Straight 

“ 
Belpaire 
Straight 

ae 


Belpaire 


o 


Rio 


iw to 


Straight . .. 
Wagon....... 


| 
| | | | | } 
17 x 24 | | 98 1 241 | 49 Straight ..... 140 
aris, OMS BUG “ ..... Out and Inside. |4-Cylinder Compound..{ 59 25.6) 125 444 55.1 coe 
6 | 64 | 89 320 22 } 1 128.4 55.1 198.8 i 


pound. 


Diameter of driving 


wheels, 


Inches, 


tw = 


DIMENSIONS 


| | 
| | 
Size of cylinders, | 
Inches. 


| 17 x 23.5 | 


19.5 
12.4 and 2 
13.4and a1. 
12.2and 19.6x 
19.6 x 24.4 
17 x 25.5 
18 x 28 
17.7 x 27.5 
18.9 x 23.6 
15 x 22 
18.9 x 23. 
18.4and 13. 24.4 
19.4 x 24 | 
13.4 pes 20.9 x 25.5 
13.5and 21x25 | 
13.4and 20. 9 x 25.2| 
18.land 13x 24 
17.6 x 24 | 
19.7 x 26 


16. Ox 23, 6 


21. Sand 13. 4x 25.6 
21.5 and 14.2 x 25.6 
21.6 
21.2 
13.5 aud 21.2 x 25.5 
21.2 25.5 
18.1 x 23.6 | 
18.4 


)17&19.7x19 7& 25.6 
19.7and 17 x 27.6 
25.7 and 14.8 x 26.6 
17.7& 20x 20K 28 | 
& 19.6 x 19,6 & 27,5 
17.2 x 24 
17.8and 24x 24 
20.6 x 24.4 
15.4and 26 4x 26 
20 x 24 
19.5 x 24 
17.7 x 23.6 
18.11 x 24 
17 x 24 
18.4 x 24.4 
| 19.7 x 
| 19.7 x 23.6 
| 15.7 x 22 
| 16.9 x 23.6 
20x 24 
20 x 24 
| 19.4 x 24 
| 14 x 20 
| 19.7x2 
17.7x2 
8and 2 


18 x 24.5 
14.2 x 24 
18 x 24.8 


6R8 
96 544 
117 947 


57 000 
400 
8t 672 
768 
5 350 
5 280 
320 
408 
872 
950 
85 250 
160 
440 
5 883 
144 
5 620 
5 180 
5 829 
122 595 
54t 
776 


000 


104 230 
92 ¥ 


120 960 
116 480 


TABLE 


132 160 
400 
0380 
400 
990 
000 
404 
$00 
376 
768 
200 
700 


| Ea sas s 4 a oa ea 
4 = = 
= 
Feet. Inches. 
304 536 25.2 124.7 059.9 49.6 213 
120 530 520 25.2 125 160.6 50.7 180 
020 280 18.7 126.9 411.4 
72 150 50 800 26 170.7 | 1 768.5 5 & 47.5 Double barrel.|.......... 14 #1 
36.6 130.2 1 51.2 Wagon 150 ll 6 
61.8 161.4 1 65 Beipaire 150 13 3 
62.4 151.7 55.1 Straight 
| 51.2 Straight. .. 
| 2 107. 1 086.7 | 52 Straight 


76 160 


Straig ht . 
i 


Diameter of tubes. 
Inches 


$2, 
0.304 
U.392 
0.318 
0 328 
0.447 
0.430 
0.307 
0.710 
0.517 
0 457 
0.311 
0.442 
0.459 
se 1 585 8 810 0.437 
ee 517 1 100 
0 477 
3 90) 800 0.594 
as eee 0.252 
0.402 
Freight 
0.621 
0.580 
0.519 
“ 0.466 
“ eves 0.417 
o 1 157 6 619 0.226 
i ¢« 1 376.4 6 000 0.311 
0.523 
0.287 
0.296 
0.289 
ee 0.281 
0.208 
0.262 
0.677 
Passenget | 
se 200 3 920 
0.357 
0.347 
0.349 
0.416 
0.357 
0.296 
0.480 
0.413 
0.533 
0.359 
0.245 
0.353 
447 


000 16 60) 

000 000 
5u0 | 16 000 
0co 15 000 


800 2 500 


| 
pee+| 60.6 16.9 x 23.6 1.77 
pees) 80.5 18 x 26 | 2 
82.5 17 x 24 
S28 17.2 x 2t 1.8 
oe 17.6 x 26 | 1.8 
ad..| 48.7 |19.7and 12.2 x 24.4 
mnd..| 78.7 1.8 
md..| 77.6 
1.79 
1.96 
80 
06.6 1.5 
1.88 
1.88 
66.6 
838 1.77 
nd..| 1.8 
63.8 1.8 
nd..| 83.2 1.77 
--| 83 1.75 
--| 83.2 1.77 
82.6 
1.5 
1.5 
| 1.77 
1.92 
60.5 1.75 
--| 49.5 
49.6 1.8 
49.6 1.8 
6&9 1.77 
1.96 
1.5 
61.4 1.92 
1.5 
64.9 1.77 
and..| 64.9 1.8 
60.6 1.8 
nd..| 59.4 1.8 
67.6 2.1 
§1.2 2 
83 1.6 
pessee] 67 
67 1.77 
70.8 
TO 1.77 
90.8 1.8 
OF 1.97 
1.77 
68.1 1.8 
77 1.8 
68.9 2 
51.2 1.8 
2 
posses} 47.3 1.8 
2 
3 2 
4 2 
5 2 
| 16.9 x 25.6 92 512 | 56 896 | 35616 | 70560 | 21.5 | 92.5 1 200 190 |} 0 1.77 
pund..| 77 14.6 and 21.6 x 25.6 119 900 61 50 58 400 | 89286 | 32 | 329.2 | 1923.4 | 51.2 | se eee 190 13 1 2 a 3000 | 16 000 
pound.) 73.2 (16.5 and 23.6 x 22.8 83 776 57 344 26 432 18.7 78.5 969.3 51 170 ll 233 2 0.405 
72.1 17.7 and 26.4x 25.6) 105 950 | 63 600 | 42 350 66 750 26.4 97.4 1 286 | 63.3 | “ cesses 170 |} 12 5 1.75 } " 3640 | 9 000 0.518 
Bl 18 x 26 102 816 | 78 O64 | °4 752 60 704 22 114.3 1119 “ 160 | 12180 0.531 
17.5 x 24 80 640 | 56 000 24 640 53 760 19.5 100.4 1 010.2 id 2 0.417 
| 18 x 24 20 $9.9 1 004 coos] 1 0.427 


“ Inside 


| ++.|4-Cylinder Compound..| 84 18.4and 13.2x 24.4, 84 672 61 724 2 24.4 | 102.2 | 1 006 156 ll 
0 .-.|Single Expansion....../ 83.8 19.4 x 24 | 96768 | 60 256 512 21.9 | 148.5 | 1 043. 170 12 6 
“ Outside linder Compound.. 83.2 /|13.4 and 20.9 x 25.5) 105 350 | 67 220 38 130 74 050 21.9 | 146.7 | 1 O54. 190 12 
aa i * ° nal 4 --| 83 13.5and 21x25 | 105 280 | 67 200 38 080 21.9 116.9 | 1 065. Oe te 82 12 9 
Southern R. R. 0 - Outside ........ Expansion.. aol 17.6 x 24 95 472 | 67 20) 28 672 18.4 | 104.4 | 1 098. 142 11 5 
Eastern R. R. 0 eee aaa 82.2 19.7 x 26 ; 122 950 | 72150 50 800 | 926 | 170.7 1 768 5 Double barrel.|..........) 14 11 
“ 0 ad “ coves 80.3 16.9 x 23.6 85 250 | 53 960 26 290 -| 17.6 | 103.3 1 086 Straight ..... 142 10 6 
0 $0.3 18.1 x 25.9 105 150 | 64 460 40 700 -| 19 107.6 4 913 156.2 13 8 
Out and Insiie. Cylinder Compound... 59 21.3 and 13.4 x 25.6) 125 - 213 
--| 49.5 [21.5 and 14.2 x 25.6| 125 883 23.5 59 
0 | 49.6 |14.Land 21.2 x 25.6) 125 620 | 23.5 | 1 578.7 | 60.3  Wagon....... 200 13 7 
v0 69 13.5 and 21.2 x 25.5) 125 180 25.5 | 1 489 56.2 Straight ..... 213 2 
Paris and Orleans...... 2 0 Outside.. | “ 19.4x 115 584 7 584 28 000 18.7 1 751.7 59 Straight ..... 156 lt 9 
Eastern R. R. of France 61.4 18.1 x 23.6 | 122 595 19.6 5. | 10924 51.1 14? 13 5 
“ 6; 3 ‘| tnside. 61.4 18.4 x 24 1124 544 | 94 752 29 792 19.8 5. 1 092.1 51.2 145 3 5 
Northern R. R. 6 2 | O |With.... Outand Inside.|\Compound.............| 64.9 |17&19.7x19 7&25.6 106 776 90 944 15 232 22.5 100.1 | 1 124.8 52.5 199 12 1 
6 . |3-Cylinder Compound. -| 64.9 19.7 and 17x 27.6 | 000 89 000 15 000 22.5 100.1 1 124.8 53 199 13 1 
8 | 0 Outside....... -|4 Cylinder Compound..| 51.2 [25.7 amd 14.8 x 26.6) 113 987 22.4 60 142 
$i 3 0 3-Cylinder 64.9 17.7& 20x 20& 28 | 106 176 | 90 944 15 232 22°6 100 | 1 128.4 199 13 1 
6 2 0 Inside.| -| 64.9 |17&19.6x19,6& 27,5) 104 230 | 89 320 14 960 22 5 100 | 1 128.4 55.1 cece 198.8 1 
Western R. R, 6 0} Oo Without. . Single Expansion....... 60.6 17.2 x 24 92 960 | 92 960 13.7 81.8 983.3 48 142 ll 4 
Southern of 0 0 Expansion......, 47.6 20.6 x 24.4 120 960 | 120 20.4 lilt | 1 904.5 60.5 128 16 1 
os | 8 Ot cases Woclf Compound....... 51.2 | 15.4and 26 4x26 | 116 480 | 116 480 22.4 99 | 1 278 59 142 3 5 
| 2 2 Inside.,........./Single Expansion....... 83 53.75 138 Belpaire 
7 6 2 0 67 56 Straight .. Seeks 13 2 
4] 2 0 } 70.8 36.6 130.2 1 053.4 51.2 |Wagon ...... 150 
0 TT TT 67 | 117 90 10) 61.8 161.4 1 412.5 £5 Beipaire .... 150 13 3 
Prussian i 68.1 79 990 53 984 20.1 73.2 1 037.6 | 49.2 Straight ..... 205.8 12 1 
Belgian “ 6 2 O |  coecel Inside......-..-| “ 66.9 | 1i4 464 91 616 BB GAB jeccesccce. 62.4 | 151.7 1 435.4 55.1 (Straight ..... 142 13 3 
= 6 0 0 61.2 | 100 800 | 55.4 | 121.6 1177.1 55.1 142 il 6 
 Central.. 8 0 ‘|Without.. se 43 117 336 117 376 94.7 90.3 1 523.6 69 wae 156 1l 5 
6 | O 0 47.2 | 68 768 | €8 768 22.2 73.1 497.1 42.3 osee 8 
6 O © | “ 47.2 | 19.7 x 23.6 95 200 | 95 2u0 -| 65.4 122 1177 55.1 Belpaire ..... 150 ll 6 
6 | 0 “ 17.7 x 24.8 #4 700 84 700 62 700 16.4 77.4 1 259 55 Straight ..... 174 14 3 
Prussian State. . @ 0 Von Borries Compound.| 52.4 (17.8and 25.6x 24.8 78 800 73 800 62400 | 16.5 |..... éncesten 53 150 14 7 
Med, of Tialy.. 0 Single Expansion.......; 66 | 57 000 24 1 60) 60 15 0 
So. 4 4 0 76.6 | 17.9 x 23.6 87 56 000 51.2 Straight. .. 150 L 9 
4; 4 “ | 18 x 24.5 93 800 59 000 3% 800 | 25 107.5 1 086.7 | 62 Straight ..... 142 
4; 4 0 75.6 18 x 24.8 111656 | 66080 | 45 576 | 24.7 107.6 | 1086.7 | 51.6 150 12 5 
4 4 | | © -| 72 14.1 and 21.6 x 25.6) 108 800 55 800 | 53 000 32 130 1 452 | 13 1 
St, Petersbarg and 4 Cylinaer Compound .. 73 18.1 and 26.4 x 25.6) 101 200 52000 | 49 209 63 000 | 26.5 134.6 1 437.4 54.8 165 13 
cod ‘| 72.1 17.7and 26.4 x 25.6) 105 950 63 600 | 42 350 66 750 | 26.4 | 97.4 | 1 236 52.3 | 170 12 
= ‘ae C6 | 17 x 24 69 440 54208 | 15232 | §3 760 | 19.6 | 85.3 | 872.8 |.......... Straight ..... 160 
Great Indian Pe nit 4 | | 2 “ 15 x 22 92 288 63 | 28 G72 13 72 | 692 160 
Oude and Rohilennde.... ... 4; 2 |With.... Outside Compound..| 72 | I2and 24x 24 72 500 51500 | 21000 | 48 000 15.4 | 101 | 
Jura Berne Luze BMC. \Von Borries Compound. | 59 | 184g and 2514 x 26 | 95 700 6 | 80.5 2 
coves 6 2 0 --| 59.8 (16.7 ‘and 25.2x 25.6, 94 300 45300 | 16.1 | 80.7 | 1223.9 
6 2 54.5 | 17.5 x 24 107 688 91 728 | | 85 919 | 49 = 
6 0 o | « “ 51 19.6 x 23.5 320 5 121 1 170 | 55 
6 2 0 “ “ “ 18 x 26 96 79 000 17 000 700. 17 123 | 1 065 55 
. 00 1: 0; 0 akin -|Mailett Compound .....| 43 15.5 and 22.5x 25 | 148 160 23 | 103.2 
Argentine No, Eastern.......... | 6 \With..... Single Expansion....... 48 14.2 x 23.3 66 752 13.5 | 63.4 | 697.2 | 43.9 
Uruguay Ceut.. \2-Cylinder 60 16 and 23 x 2 16 | 743 
St. Gotbard R. R.... 12 0 0 |Without..| Compound .....| 48.5 [15.7 and 32.8 x 25.2) 170 000 
Indian State........ 8 -|Inside,.........|Single Expansion.......) 48 18 x 26 1134 400 | 134400 |...... 22 
vig 6 | | (Single Expansion.......| 60 19 x 26 97 328 136 23 
Mexican Ry....... 12 | O | O |Without.. Outside ........! oe 16 x 22 | 184 000 184 000 |.... | 33 
2) 2] | .. Johnstone Compound..| 48 13 and 28 x 24 230 000 200 COO «30 OCU 
Royal Saxon........ .. 8 “ M. Compound....| 43.3 12 and 18 x 21 | 10) 400 15 
BAXON 8 0 0 | Meyer Compound......| 44 12and 18.4 x 21.3 | | 114 240 114 240 
py es Note. Where the boiler pressure could not be determined from the description of the locomotives, as given by the builders and operators of the locomotives, it has been asst:med to be 160 Ibs. per square inch above the atmosp here. 
eek For compound locomotives the fi 


gures the last ratios are based the capacity the low- cyliuders only, the volume the high-pressure being omitted, This has been done for the purpose comparison, and because there 
single expansion and compound locomotives, 
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3 96 768 


83.8 19.4 x 24 | 6 76 60 256 36 512 21.9 148.5 1 043.7 49.2 1.8 
83.2 |13.4 aud 20.9 x 25.5) 105 350 67 220 38 130 21.9 146.7 1 054.8 49.8 1.77 
83 13.5 and 21 x 25 105 280 67 200 38 080 21.9 116.9 1 065.2 oO Sere 1,75 
83.2 /13.4and 20.9 x 25.2) 105 380 67 240 t8 140 22 117 1 094.5 49.6 1.77 
78.7 17.6 x 24 | 95 872 67 20) | 18.4 | 108.4 | 1 098.6 50.4 142 ll 5 1.5 
82.2 19.7 x 26 | 122 950 72 150 50 800 wecseceee 26 170.7 1 768.5 (31.5 & 47.5 Double barrel.|..........| 14 11 1.5 
80.3 16.9 x 23.6 85 250 53 960 Ee ee lnenbccovcs 17.6 103.3 | 1 086.7 51.8 Straight ..... |; 142 10 6 1.77 
60.3 18.1x 25.9 105 160 | 64 460 ae Pra 19 6 3.3 | 52.4 e  Cweees 156.2 13 8 1.92 
60.5 17 x 23.5 69 440 |...... 17 148 ll 8 1.75 
59 21.3 and 13.4 x 25.6, 125 44t 25.5 55.1 ewes | 213 SeeeSOreccrecclccsecccece 
49.5 |21.5und 14.2 x 25.6| 125 883 23.5 | | 59 ss 
49.6 14.4 x 21.6 131 144 | 121 144 23.4 118.3 | 1 578.5 59 13 7 1.8 “ 0.621 
49.6 |14.land 21.2 x 25.6) 125 620 125 620 ; 23.5 117.9 |: 1 «578.7 60.3 Wagon.......| 200 13 7 1.8 es 0.580 
59 13.5 and 21.2 x 25.5) 125 180 125 180 25.5 | 112.6 1 489 | 56.2 Straight ..... { 213 l4 2 1.77 se 0.519 
59 21.2 x 25.5 115 829 92 928 23.8 112.3 1 549 56.2 Wagon....... 142 16 6 1.96 “ 0.466 
60.6 19.4x 2t | 115 584 | 87 584 BERGER lsvesnceexs 18.7 126.9 | 1 751.7 59 Straight ..... 156 li 9 1.5 “ 0.417 
61.4 18.1 x 23.6 | 122 695 | 12: 19.6 95.7 | 10924 51.1 wT. 142 13 5 1.92 st 0.226 
61.4 18.4 x 24 | 124 544 19.8 95.7 1 092.1 51.2 -. enn 142 13 5 1.5 ss 0.311 
61.9 5. 5 22.5 100.1 1 124.8 52.5 199 12 1 } 1.97 0.523 
64.9 19.7 and 17 x 27.6 000 22.5 100.1 1 128.8 53 199 13 1 “ 0.287 
51.2 [25.7 and 14.8 x 26.6) 113 987 22.4 60 142 
64.9 17.7& 20x 20& 28 | 106 176 90 944 15 232 22°6 100 1128.4 vanes 199 13 1 1.8 ee 0.296 
64.9 |17&19.6x19,64 27,5 104 230 89 320 22 5 100 | 1 128.4 55.1 198.8 13 1 0.289 
60.6 17.2x 24 92 | 92 13.7 | 81.8 | 988.8 | 48 142 11 1.8 “ 0.281 
59.4 17.8 and 24x 24 FE 14.5 | 8.7 | 1000.6 | 49.2 oe 128 lt 1 1.8 “ 0.204 
47.6 20.6 x 24.4 120 960 | 120 900 seenk 20.4 | lit |} 1904.5 | 60.5 e 128 16 1 2.1 * 0.262 
51.2 | 15.4and 264x26 116 480 | 116 480 22.4 | 99 | 1 278 59 142 13 5 2 0.677 
79 | 17 x 24 91 400 64 30) 35 | 126 1179 51 pases 135 6 1.77 te Ja 0.309 
70.8 18.4 x 24.4 36.6 130.2 1 053.4 51.2 Wagon ......| 150 6 1.8 “ 
67 | 19.7 x 23.6 117 Ovo 90 10) 61.8 161.4 1 412.5 65 Beipaire .. 150 13 3 1.97 oe 0.357 
68.1 | 15.7 x 22 79 990 53 984 . eae 20.1 73.2 1 037.6 | 49.2 Straight ..... 205.8 | 12 1 1.8 “ 2 773 8 £00 0.347 
66.9 | 20x 24 1i4 404 62.4 | 151.7 1 435.4 55.1 Straight ..... 4 |; 13 3 2 0.349 
51.2 20 x 24 100 800 55.4 121.6 1177.1 | 55.1 = eeeee il 6 | 1.8 0.416 
43 | 19.4 x 24 117 396 24.7 90.3 1 523.6 | 59 “5 1l 5 2 0.357 
47.2 | 14 x 20 68 768 22.2 73.1 497.1 | 42.3 ad ocee: | 8 f 1.8 0.296 
47.2 19.7 x 23.6 95 200 55.4 122 1177 | 55.1 Belpaire ..... } il 6 1.77 0.480 
§2.3 17.7 x 24 16.4 77.4 1 259 | 55 Straight ..... | lt 3 | 3 0.413 
52.4 and 25.6 | 8% BBB | 53 7 2 2300 | 8 000 0.533 
75.6 | 17.9x2 56 000 | 31 000 | 51.2 Strsight . . It 9 1.97 bie 4 933 8 000 
71.5 | 17x2 | 223 94 930 | 50 Wagon....... 6 2 0.359 
83 | 18 x 24.5 59 000 | 34800 | 57000 | 25 107.5 1 086.7 | 52 Straight .. | w0+ -evevccces |} 1.95 a 2 200 7 000 0.381 
75.6 14.2 x 24 SB S40 | BIO | 21.5 | 88.2 998.9 | il 9 2 0.245 
75.6 18 x 24.8 66 080 | 45 576 |.......... 24.7 | 107.6 1 086.7 61.6 12 5 2 0.358 
67.5 | 16.9 x 25 56 896 | 85 616 70 560 21.5 92.5 0 1.77 Perry 0.447 
7 14.6 and 21. 6 61 510 58 400 89 286 | 32 129.2 1 322.4 51.2 | - 13 1 2 “ 3000 | 16 000 
72 i4.land 21. -G 55 800 53 000 | 81 000 32 ; 130 1 452 51 | “ ; 13 1 2 = 4488 | 8 000 0 887 
73.2 (16.5 and 23.6 x 22.8) 83 776 57 344 26 482 | 18.7 78.5 969.3 51 233 2 0.405 
73 18.l and 26.4 x 25.6 101 200 52 000 49 200 68 000 | 26.5 134.6 1 437.4 64.8 ” | i 2 - 3 €80 4 000 | 0.56) 
72.1 17.7and 26.4x 25.6 105 950 63 600 | 42350 | 66 750 26.4 97.4 | 1 286 62.3 | ad 5 a " 3640 | 9 000 0.518 
51 18 x 26 102 816 78 O64 | 24 752 60 704 | 22 114.3 1 ” ” 2 6v0 12 180 | 0.531 
7 17.5 x 24 80 640 56 000 | 24 640 | 53 760 19.5 100.4 1 - ” 2000 | 16 600 0.417 
C6 17 x 24 69 440 54 208 15 232 | 53 760 19.6 | 85.3 3 . Straight 2 0co 15 000 0.487 
54 15 x 22 92 288 63 616 2B GIB | occcccce 13 | %2 es 800 | 2 500 0.353 
51 | 18 and 26 x 26 109 880 75 320 | 34 560 74520 | 22 | 104 - 2 500 | 22 000 0.575 
51 18 x 26 129 920 83 440 46 480 |.....000 Po eT | 108 ag 950 | 6 610 0.497 
72 12 and 24 x 24 72 500 | 51 500 21000 | 48000 | 15.4 | 101 | x4 1800 | 146 OW 0.408 
89.8 (16.7 and 25.2 x 25.6) 94 BUD 45300 | 16.1 89.7 1570 | 9230 
52 14x22 FS 70 1 000 3 600 | 
48 21x 24 118 720 BES TBO -| 2 115 | 0.393 
54.5 17.5 x 24 107 688 91 728 | 15 960 } 19 85 99 800 6 LUO 0.369 
51 115 1 800 
46 20.5 x24 114 000 23 | 102 
60.5 18 x 26 96 Ov0 79 000 17 000 72 700 17 | 123 e ° 3 600 lu 000 | 0.415 
51 18.5and 32x26 | 137000 123 000 | 14009 | 72000 | 2t.4 158 3600 |..... 0.504 
5} J 70 “ 1 000 3 600 | 
43 2 11.8and18.1x 21 112 400 58.2 ad 1 200 4 000 0.377 
60 16 and 2% x 22 | 87 “ 2 000 8 500 
--| 5A 1744 aud 25 x 24 | 86 ee 1 700 8 500 
48.5 (15.7 and 32.8 x 25.2 170 000 0.929 
15 & 18.9x23.6&15.7| 113 740 | 86970 | 26 770 col 
19 x 26 97 328 104 0.484 
m......| 48 16.5 x 24 66 0v0 101 es 1 700 16 4.0 0.485 
16 x 22 184 000 180 | | 2 B50 | 0.188 
md....) 43.3 12 and 18 x 21 10) 400 10 400 | | J 5) | 7 fe Straight .....| . 1 300 6 960 0.227 
m......| 44 12and 18.4x 21.3 | 114 240 114 240 59.2 | 1 325 4 256 0.386 


ms, as given by the builders and operators of the locomotives, it has been aser:med to be 160 lbs. per square inch above the atmosphere. 
Bie low-pressure cyliuders ouly, the volume of the high-pressure being omitted, This has been done for the purpose of comparison, and because there is no accurate simple way of comparing the cylinder power of 
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incongruous the designs may appear some cases, result the 
use the same parts for large and small engines, yet railroad men 
prefer that the harmony design should suffer rather than keep 
stock larger supply duplicate parts. 

Conclusion.—The important distinctive features American 
practice are large dimensions, great hauling power, du- 
plication parts, steel fireboxes, bar-frames, the universal use 
equalizers for all types, and cast-iron driving-wheel centers these are 
manifest advantages from American standpoint; also, distinctive 
features and questionable advantage, are tenders with swiveling 
trucks, and small drivers for high speeds. distinctive feature and 
decided disadvantage the use heavy reciprocating parts. 

The locomotives used foreign countries are now, generally speak- 
ing, about the same weight and power those used here years 
ago, and the heaviest foreign types for passenger service are about the 
same weight our light eight-wheel type. There are none used else- 
where comparatively level roads that are powerful our 
ten-wheel and mogul express engines. The average practice various 
countries given Tables Al, A2, A3, which shows how closely some 
the foreign types approach the American general features con- 
struction. Abroad there are many and varied types locomotives, and 
abrupt changes construction are more common than the United 
States. varied are the plans followed, and rapidly the 
changes important details take place, that the onlooker receives the 
impression that general dissatisfaction exists. Recent developments 
have followed American plans, both weight and type, way that 
complimentary, and there some evidence that when foreign loco- 
motive designs become more constant, and the process selection 
evolves nearly universal set types, some the features that are 
now distinctively American will find place the ultimate plan. One 
distinctive feature the American locomotive construction that will 
eventually become universal the steel firebox. The policy haul- 
ing heavy trains, which distinctive feature American locomotive 
practice, clearly advantageous that sooner later countries 
having long distances and competition between common carriers will 


run heavy trains and will construct ponderous locomotives haul 
them. 
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COMPARISON MODERN ENGINE LOADING, 
WITH STANDARD SPECIFICATIONS FOR 
SPANS FROM 200 FEET. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


The Columbian Exposition having called attention 
number engines the latest designs and much greater weight 
than have been used heretofore, the writer has thought interesting 
compare these engines, with regard the effect bridge, with 
the engines specified typical some important roads. 

One diagram (Plate I), from certain bridge specifications, shows 
series curves representing the loading from the typical engines 
specified. This diagram made calculating the bending moment 


Nore.—Discussions on all papers presented to the International Engineering Congress 
will be published simultaneously in the number for December, 1893. 
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the engines girders spans, beginning 10-ft. spans 
and increasing ft.; and Pratt trusses from 100-ft. 
spans, beginning 100 ft. and increasing ft., using panels ft. 
long. After calculating the bending moment, the writer then found the 
distributed load per linear foot the same spans, which would cause 
the same moments. Then plotting these loads the diagram, drew 
pass nearly through all the points possible. From 
spacing the wheels, etc., line representing the actual moments 
would somewhat irregular; the curve gives fair average. 

The other diagram (Plate from some modern engines, was made 
precisely inthesame way. hand did not always give 
quite enough data for accurate diagram. The distance between two 
engines and the distance from the last wheel the head the train 
not being given, these were assumed, was also the following—load 
3200 pounds per linear foot, except the case engine No. 805, 
New York, Lake Erie and Western, when 4000 Ibs. were taken. 
though not probable that two engines like No. 805 would 
coupled together actual service, still, nearly all bridge specifica- 
tions use two engines, better for the purposes comparing actual 
with typical engines consider them the same way. 

will hardly necessary say engineers that, although the 
diagrams show comparison between actual and theoretic loads, they 
not show fairly comparison between the actual strains 
bridge carrying these loads, there quite difference the unit 
strains iron steel used the different specifications, probably 
fully much per cent. 

The diagrams not any means show all the engines the 
Exposition, but show that the tendency still towards heavier loads 
track and bridges. 

two specifications, the Pennsylvania and the Rock Island, the 
effect the two typical engines, followed the train-load, would, 
the case the longer spans, fall below the effect the train-load 
alone. these cases the moments from the engines were calculated 
until the equivalent load equaled the train-load, and then the curves 
were continued along horizontal line equal the train load. 

Two roads, the New York Central and the St. Louis and San Fran- 
cisco, not specify any typical engine, but use certain load per 
linear foot bridge, varying with the length span. 
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The following unit strains are specified used tension the 
several roads named: 


Plates and Shapes. Bars, 
| 
2 max. | 2 max, 

Cooper......... 500 live, 15,000 dead......... 000 live, 16 000 dead. 

000 to 10 000, according to size of bar. 
Mo. Pac........ 8 000 : 000 live, dead. 
Penna.......... (7000 X 1 +-- 17500 x 1 
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SURVEYS FOR RAILWAY LOCATION. 


Prussia. 


Translated from the German Jun. Am. Soc. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


Introductory.—Railroads, the offspring the 19th century, have 
developed few decades with remarkable rapidity, both the old 
and the new world and have left indelible impress 
planet. With 620000 km. (in round numbers) more 
than times the length the equator, they now cover the civil- 
ized countries the earth and still continue branch out. Here, 
they press boldly into large territories not yet open commerce; 
there, they weave smaller meshes into the already existing network 
rails everywhere they distribute rich blessings the inhabitants, and 
hence, too, are everywhere desired. The growth railroads inces- 
sant and will continue, taking the whole world into consideration, for 
many centuries. 


Note.—Discussions on all papers presented to the International Engineering Congress 
will published simultaneously the number for December, 1893. 
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GELBCKE SURVEYS FOR RAILWAY LOCATION. 


The art projecting and building railroads develops continually 
the most difficult problems not frighten off. The natural develop- 
ment railroading that roads should enter into lands increasing 
with difficulties, after the simple projects, those more easily handled, 
have been carried out. The disposition the immense sums spent 
and yet spent for the construction roads placed the hands 
engineers, who devise the plans for the roads and construct them, 
trusting their scientific knowledge and their integrity character. 


Hence arises the duty the engineers seek with untiring energy 


for methods which the entrusted capital may husbanded the 
best advantage, and invent means which can accomplished 
the greatest results with the least money. 

Among the effective means the disposal the engineer for reduc- 
ing the cost construction must counted the thorough study 
the survey. Defective surveys, most cases, result impractic- 
able and expensive location, while thorough and systematically con- 
ducted surveys always furnish practicable and cheapest possible 
location. 

The following discussion purposes describe the manner which 
the engineer should conduct his surveys, order accomplish his 
object, the most practicable location. Far from any intention dis- 
cussing all the details railway surveys, purposed few 
words treat only practicable system executing railway surveys, 
and show, the other hand, how often surveys are still imprac- 
ticably conducted. This subject seemed the writer, view the 
great financial consequences involved, sufficient importance 
presented the International Engineering Congress. 

Railway surveys are divided into general and detailed (preliminary 
and location). The general surveys are, preceded general 
investigations (reconnaissance), and the detailed surveys (location) are 
followed preparations for the construction the road. clear 
distinction these different technical operations will prove benefit 
the thorough study railway projects. therefore proposed 
divide railway surveys into the following four divisions 

General Investigations (reconnaissance). 

General Survey (preliminary). 

Detailed Survey (paper location). 

Field Location and Preparation Expropriation Plans. 
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The General Investigations (reconnaissance).—These constitute the 
first problem which confronts the engineer when the construction 
railroad proposed. Whether the Government, corporation, 
private individuals who desire the construction railroad, 
must determined whether the proposed road, yet without definite 
location, will practicable and self-sustaining, and what its estimated 
will be. the older civilized countries useful topographical 
larger scale. other countries there are probably few such maps, 
and the engineer compelled obtain general view the territory 
question different manner. map with topographical details 
had, must still, most cases, supplemented for the pur- 
pose the reconnaissance. The water-courses must indicated 
more plainly blue lines. The whole territory must traversed 
and the comparative elevations, which are foremost importance, must 
indicated the map. And here may remarked that for such 
preliminary level investigations barometrical measurements are especi- 
ally well adapted, but, matter course, they must based 
chain well-determined heights, which latter may, however, widely 
separated. map had, the engineer must, with the 
simplest possible means, make such one. All sorts measurements 
become necessary for this, and they naturally increase the expense 
the reconnaissance some extent. Finally, the general line 
fixed the reconnaissance, map the territory question, show- 
ing elevations, cannot spared under any circumstances. 

This map, however, will also serve other purposes. Besides the 
study the practical difficulties met, the populations the 
various cities and villages, what points large industrial establish- 
ments, mines, forests, etc., are located, must determined. These 
facts must also indicated the map. The population well re- 
presented drawing, the points question, circles whose areas 
are proportionate population. These circles are made more dis- 
tinct being tinted with some light color. They will then indicate 
almost glance which line most thickly populated and which, 
this respect, would offer the most practicable route for the railroad. 

With such map just described, will easy matter for 
the experienced engineer, considering the general, concurrently deter- 


mined, condition the territory, make practical suggestions for the 
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selection this that route, perhaps propose for further investi- 
gation several alternate lines; general, explain how the line 
the road will appear, what stations will have, how will operated 
and about how much the construction and operation the road will 
cost. When satisfactory decision has been reached, then the general 
investigations reconnaissance are completed. should here 
emphasized again, that, really satisfactory conclusion, the pre- 
paration and use map which topography, population and in- 
dustries the territory are shown, almost indispensable. The 
engineer should guard against expressing judgment the location 
the road without such carefully prepared map, thus relying the 
impressions his travels. The latter often lead entirely wrong 
track from which subsequently difficult part. further 
important include great width the territory examined and 
represented the map, that under all circumstances will include 
every possible solution for the location the road. The expenses 
such general investigations are small, but the other hand their 
value very great they are thoroughly and completely executed. 
They then give the assurance that nothing has been overlooked, and 
that routes have been proposed for construction which court further 
investigation and are plainly the most practicable. 

few more words may stated that for the study local 
difficulties may become necessary, even the general investigations, 
represent portions the territory larger scale than that used 
that will seldom necessary go. 

far the expenses such general investigations are concerned, 
they depend the available maps and the general characteristics 
the territory examined. may asserted, however, that the 
engineer can undertake and complete the general investigations for the 
route railroad for marks per kilometer. 

General Survey.—The preliminary survey must based the 
general investigations described above, and intended advance the 
project and decide which the alternate lines preferred. The 
preliminary survey furthermore serves determine the cost construc- 
tion and operation the road with such sufficient exactness that the 
capital can furnished subscribed, and that excess the cost 
construction, determined the reconnaissance, may excluded. 
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the map the reconnaissance the several alternate lines 
considered are shown. These must now more closely studied and 
compared, and the most practicable one must finally chosen. 

the preliminary survey are also investigated the nature and 
characteristics very large stretches country, measuring mostly 
several hundred square kilometers. The general map, scale 
100 000, have described it, longer sufficient, but 
becomes absolutely requisite plot the surveys larger scale, 
that possible study the course the road more exactly, and 
undertake reliable calculation the difficulties met and their 
cost. There are also obtained the preliminary survey, above 
all, the measurements for, and preparation of, map positions and 
elevations which shall contain all the necessary information for the 
study the project. During long practice the writer has found 
that such map made the best advantage scale 500, 
and, under very simple circumstances, and that 
further advantage for the review the whole project construct 
from these plots another general map scale 000, indica- 
ting the road single line, and draw along its side profile 

Assisted the general map (of the reconnaissance) becomes easy 
pick out the stretches country which come into question the 
preliminary survey, and which next becomes necessary make 
that the limits these stretches are not taken too narrow. 
greater extent measurements and the corresponding plats become 
necessary the case flat country water-sheds than the case 
narrow valleys, which only narrow strip land can enter into 
the question the location. the case narrow 
valleys always consider both slopes the valley the extent the 
survey. 

Since then, the preliminary survey, deal with the 
ment extended areas, and since, the other hand, precise deter- 
mination heights, even with the scale the plats, 
not all requisite, the barometer here exceedingly well adapted for 
the determination levels. the hands experienced engineer 
instrument extraordinary efficiency and sufficient accuracy. 
The engineer himself, furnished with barometer, must mount all heights 
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determined, and this way also acquires comprehensive 
knowledge the country, quite invaluable the study the general 
project. Other methods which can applied preliminary surveys 
may mentioned; as, for example, plane table surveys, notes 
means the tachymeter; or, finally, and least recom- 
mended, cross-section measurements. But none these methods 
are well adapted for preliminary surveys barometrical measure- 
ments. The writer would here describe, few words, approved, 
though unfamiliar, procedure the barometrical determination 
heights, for the purpose preliminary surveys. 

The equipment corps about five engineers for undertaking 
barometric measurements for the purposes the preliminary surveys 
is, considering the rapidity progress, comparatively simple, and 
consists four levels and level rods, three sextants, two plummets, 
two tape measures, twenty ranging poles, five leather bags, about 
eight aneroid barometers, one two barographs, and three sling 
thermometers for the determination atmospheric temperature; lastly, 
every engineer must provided with good pocket timepiece. 
Every engineer should have but one assistant, whose duty chiefly 
carry instruments and keep field notes. 

The determination heights means the aneroids, reliable, 
must rest network elevations which have been determined 
the spirit levels such distances that intervals from half one 
hour the readings the aneroids can taken such points. For 
the determination changes atmospheric pressure during the work 
the barographs are used, that is, aneroid barometers, which automa- 
tically register the pressure strip paper moved clockwork. 
The barographs may dispensed with the determined heights are 
taken close that every engineer the field can read his aneroid 
one these fixed points, not less often than every half hour. Under 
these circumstances may generally assumed that the pressures 
change regularly inthe meantime. the determination heights for 
engineering purposes, the aneroids Naudet, Paris, Bohne, 
Berlin, and Hottinger, and especially those the last- 
named manufacture, have proved most satisfactory. The work 
much simplified the aneroid independent temperature, condi- 
tion which Bohne, Berlin, has almost accomplished means 
compensating attachment. But all aneroids which have thus far been 
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use change their readings with time, and is, therefore, absolutely 
necessary subject all the instruments, before every campaign 
once year), examination and make new correction tables for 
them. 

The measuring heights with the aneroid always presupposes the 
existence map the territory question, that the positions 
the stations, whose elevation desired, are easily determined. 
there are maps, as, for instance, maps that show the ownership 
000), and for further use they may manifolded great advantage 
some printing process. has proven disadvantageous make the 
separate sheets more than 1.2 long and 0.60 wide. maps 
are had, nothing remains for the engineers but lay out net- 
work lines over the whole the land measured; put 
paper this network, which also should contain the elevation stations, 
network the use the pedometer the time making the 
aneroid measurements. either case, where there not local 
map, the determination elevations aneroids must preceded 
line levels obtained spirit levels, which needs, however, follow 
only approximately the prospective route without strained exactness, 
but which, for the sake certainty, must made two engineers, 
independently, and the purpose which establish bench marks 
distances about 200 the elevations the leveling 
kilometer distances, approximation millimeters will 
sufficient. 

account the great width the territory surveyed 
(about 1.5 km.), the principal line level must furthermore supple- 
mented various secondary lines leveling, which are con- 
nected with the principal line various points, and must contain 
most the easily accessible bench marks. Great accuracy not 
required the secondary lines. distance km. error 
cm. may still admitted. The elevation stations the secondary 
lines are also distinctly entered the field map. 

can now proceed the barometric leveling. Barometers are 
intended for the measurement atmospheric pressure, which 
dependent, not only the elevation the point observation, but 
also various other circumstances, and also variable time. 
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Now, observations the atmospheric pressures are simultaneously 
made two points which are not separated very far space (the best 
practice not exceed km.), the difference the observed pres- 
sures will correspond the weight the column air which lies 
the two horizontal planes passing through those points. The 
height this air column equals the required difference elevation 
between the two points. can calculated, according formula 
based experience (the so-called barometric formula), the pressure 


each point observation known, besides the mean temperature 


the air column. 

barograph used connection with these observations, 
set that about the center the field measured, and 
that the engineers with the aneroids not get farther away than km. 
the most; otherwise the position the barograph must changed. 

carrying out the measurements, the engineer begins with some 
determined bench mark the local map, looks for that point the 
field, and the same observes the time, the aneroid temperature, and 
the reading the aneroid, after having lightly tapped the same, cause 
the instrument work freely. The field map plan fastened 
the portfolio that the assistant carries. The assistant also has time- 
piece hung from his neck. Lead-pencil and pedometer are tied the 
coat the engineer, that may have his hands free for the measure- 
ments. 

Having started from well-determined stations, the intermediate 
stations the territory can located pacing and comparison 
with the distances the field map, and recorded, the case 
simple configuration the ground, for every double paces (100 
yards); but the case more complex configuration more frequent 
points are required, pacing the border lines simple construction 
lines, and the heights must determined barometrically. 

The line followed the observer previously 
the condition that inside half one hour most, the reading 
the aneroid must again taken some bench mark, that is, some 
station well-determined elevation. The extent the territory 
measured the meantime depends the skill the observer, 
the clearness from obstructions, the worth the aneroid and the con- 
figuration the ground. After little experience, the engineer can 
easily tell glance which line follow. 
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For the certain determination heights, also important 
take so-called check stations, that is, repeat barometric observa- 
tions some point after lapse time (for instance, after one two 
hours), thereby obtaining check the change pressure and 
the correctness the readings the aneroid. 

One engineer average experience, with assistant, can locate 
and determine the elevation 100 stations hilly district one 
day. Very experienced observers can accomplish double that amount. 
The stations lie average double paces apart (100 
120 yds.). 

For the determination atmospheric temperature, the sling 
thermometer, already mentioned, used, swinging the same 
string the atmosphere, shady spot, until indicates station- 
ary temperature. According the season and the geographical loca- 
tion the place becomes necessary make these temperature 
observations two three times day. 

The calculation the heights the barometrical observations 
done most satisfactorily graphical means. The aneroid readings, 
corrected for temperature, are cross-section paper. 
these, with the aid the notations the barograph and the readings 
the bench marks and check stations, horizontal curve con- 
structed. Thus, aneroid diagram formed, from which only 
necessary read the ordinates the curve the stations the 
diagram, with scale varying suit the observed changes tem- 
perature the day, order obtain the elevation the stations. 
This graphical diagram was invented Engineer Steinach, and 
described detail the inventor, 1881, the first number 
Zeitschrift des Architekten und Ingenieur-Vereins Hannover. fur- 
nishes the desired results quickly and without any calculation, 
that large errors the determination elevations are completely 
excluded. Concerning the accuracy the aneroid measurements— 
for instance, those aneroids Hottinger—variations pressure 
corresponding 0.01 mm. quicksilver, about 0.1 elevation, 
can read, although not possible carry out such accuracy 
the field. Experience has shown, however, that careful observer 


for the plat, sufficiently close. The view often advanced, that the 
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aneroid not offer sufficient accuracy for preliminary surveys, 
unfounded. 

After the heights have been determined, the entering the eleva- 
tions and contours the plat, and the completion the plats 
scale 500, follow. The contours are entered for every 
elevation, and are drawn ina striking color, for instance, red, and every 
fifth contour drawn heavier. the plats 2500, roads, water- 
courses, buildings, the limits built-up localities, other important 
limits are now entered, relatively elaborated, and, far necessary, 
also indicated written notes. Furthermore, the high water-marks 
bridges and buildings other places are written down blue; so, 
too, the width and height every existing bridge and every cul- 
vert given. the plat are also indicated, suitable notation, all 
unusual topographical details, the existence rock masses, the 
strike and dip rock strata, slides, swamps, springs, quarries, pits, 
etc., which are importance the study the location. contour 
basis for the study general location and for the calculation 
the cost construction the railroad. 

give description the study the general project would 
carry too far. But must here emphasized, that the line 
selected must surpass all its competitors best adapting itself the 
configuration the land, and that the final result must the un- 
questioned designation that line above all others the one which 
can advanced the most practicable. further remarked 
that the staking out the line the field not necessary the 
preliminary survey; should even avoided, all facts can 
taken from the map, and only the latter superficial study 
possible. The transferring the line the field has purpose; 
may even injure the progress the whole enterprise that the adjoin- 
ing property-owners are put position speculate with their 
property. 

Along with the execution the preliminary work, the general esti- 
mate cost made, and the previously reported statement 
the needed capital corrected and supplemented. The route 
made. the larger structures and the track and switch work 
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the yards, sketches are made for estimating their cost. Prelimi- 
nary surveys, made the above comprehensive manner and offering 
most certainly the best practicable solution, cost, according the 
writer’s experience, from 100 200 marks per kilometer. 

all the preparatory work for the construction the road, the 
preliminary survey the most important the engineer. carried 
the proper manner, there danger that the location the 
road must later designated Still, the detailed work 
described hereafter also important and must likewise carried 
out with care corresponding its purpose. 

Detailed Survey.—This rests the preliminary surveys, these 
were based the general investigations reconnaissance. They con- 
stitute further step towards arriving the plan the road. For 
this purpose the location the line must examined greater 
detail, for which again plats larger scale are necessary. The next 
duty the engineer consists making surveys, and from these 
prepare study maps which shall contain everything that necessary 
for the study the detailed project. suitable scale for these study 
maps 1000. From the preliminary survey the approximate 
location known. The detailed study the project requires 
exact survey strip land from 100 200 wide which the 
smaller width taken for heavily sloping land, the larger for 
flat land. 

the preliminary survey the barometer was mentioned the 
instrument best adapted for the work, for the surveys for the de- 
tailed work the tachymeter best adapted, that theodolite fur- 
nished with stadia wires. 

The available force engineers and assistants divided, tachy- 
meter measuring, into small parties. Each party consists two 


engineers, recorder, boy for holding the umbrella and for giving 


signals, and two three rodmen. For the equipment each party 


there necessary, tachymeter, with tripod and hood, plummet, 
instrument umbrella, camp stool, tape, two three telemeter rods 


with plummets pocket and stakes for securely setting the 
rods. 


The field work begins with laying out traverse line which approxi- 
mately follows the proposed line. The levels the intersection points 
the traverse are exactly determined and serve for all further work 
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bench marks; consequently, they are fixed securely 
possible. 

When the traverse line staked out, secured, measured and leveled, 
plotted scale 000, and the real tachymetrical survey 
then begins. the work, one the engineers each party sta- 
tioned the instrument, takes the readings, calls them off the 
recorder who stands beside him, and has the umbrella boy give the 
necessary prearranged signals the other engineer who with the 
rodman, give them the necessary directions. The second engineer 
carries the field book and records all the notes the de- 
termined and consecutively numbered stations, and supplements 
intermediate distances which are necessary work the plot. 

For the rapidity and usefulness the tachymetrical measurements 
important keep view that the heights the land must 
obtained from comparatively few well-determined stations. means 
the tachymeter every desired point the field can quickly deter- 
mined with regard position and elevation; therefore the capability 
the tachymeter very great. According the writer’s experience, 
may asserted that practiced engineers field with not too 
many obstructions can, one full working day, determine about 600 
points. 

The calculation the tachymetrical stations, other words, the 
reckoning the distances from the instrument stations well the 
elevations, may made means tables, logarithmic slide 
rules, the tachymetrical scales, based graphical methods 
the tachymetrical sliding rules almost all calculations can avoided, 
and the scale directly shows the elevation and horizontal distance, 
the reckoning with the two tachymetrical slide rules pre- 
ferred extended surveys above all other methods, the most re- 
liable, most convenient and most rapid. 

For plotting the notes, the sheets with the plotted traverse line 
scale are used. The plotting started from the traverse 
station corresponding instrument stations means protractors. 
this way map developed which, finally, contours 
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difference elevation may sketched. Every fifth contour drawn 
more heavily than the rest. matter course, the map must show 
all determined points with their elevations, all objects necessary for the 
detailed location, roads and water-courses, bodies water and flood 
points, buildings, bridges and culverts, farms, important boundaries, 
strike and dip rock strata, rock masses, slides, swamps and moors, 
must plainly described. order judge after the plotting, 
whether the surveyed and plotted territory sufficient for the 
becomes apparent that the spread the survey not sufficient, sup- 
plementary surveys are undertaken once. 

For the study the detailed location, exact knowledge the nature 
the soil where the road located importance. There- 
fore, test pits along the preliminary line are made all the larger 
cuts and the nature the soil and rocks determined, order decide 
what slopes are practicable, and what the cost moving will be. For 
the investigation the capability the ground carry weights, test- 
pits must also made the base high embankments and places 
where large structures are located. The test-pits are likewise 
indicated the map, and the result the examination the pits 
noted the edge the map. 

this time the field work may considered completed, and the 
engineer, aided the study map scale 000, proceeds 
thorough study the location. All requisite notes takes from 
the maps which various trials seeks the most practicable 
location the road. necessary, can take every required profile 
cross-section from the map and can make the earthwork calcula- 
tions. From the notes the map also able design and 
estimate all the structures. Thus the detailed location the road 
and the detailed estimate are arrived without the necessity 
locating the line the field, which favorable circumstances especial 
attention will hereafter called. The study made from the maps 
and also laid out this scale. Copies the maps 
are made, and the location entered them. The scale large 
enough indicate also the adjacent ground. For general view 
the whole road, the scale 1000 is, however, too large there- 
fore, may suggested, often done, prepare, besides, 
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graphic reduction. These maps will contain the complete presenta- 
tion the road, and are supplemented superscribed profile 
the line scale for the distances and 250 for the 
elevations. 

Detailed surveys, which are made the manner above described, 
cost, according the writer’s experience, from 2000 marks 
per kilometer. 

Field Location and Preparation Plans.—The 
next work the engineer the transferring the line the 
field, accordance with the location, made the plats the 
detailed surveys the scale. The staking-off starts from 
the traverse line given the field and the maps. According the 
accuracy the maps, easily found that the line transferred 
the field corresponds its location given the plats. The length 
the line the field will, however, always differ somewhat from 
the plotted line; still, never much that the general map (scale 
becomes useless. The division the road, doubly measured 
the field for tie sake certainty, afterwards distinctly shown 
the plats 000, and made the basis the construction. 

After the line has been staked out, numbered and secured 
reference points, profile made connecting with the bench- 
marks the traverse line. This work followed the cross- 
sectioning right angles with the line. Consideration the suitable 
location the cross-sections must had during the staking out 
the line, and must remembered that the exactness the earth- 
work calculations depends, not the number, but the correct 
position, the cross-sections. These are intended only for the con- 
struction the comparatively narrow roadway, and are, therefore, 
extended only for short distances each side the line. The 
drawing the profile made with most satisfaction the scale 
2500 for distances and height, while the cross-sections 
are made undistorted form scale Both profile and 
cross-sections are provided with the notes the survey and are util- 
ized arrive the earthwork calculations necessary for the immediate 
construction the road. 

The transference the line the field, just described, followed 
the measurement, plotting and finishing the property plans 
000 and the preparation the lists for the acquisition 
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the property. The property plans are surveyed along the tangents 
the line and are connected with adjacent property. 

Before the construction the road begun, becomes necessary 
again subject the detailed location another examination, and 
places improve and supplement it. This followed the prepara- 
tion working drawings, specifications and the formulating con- 
survey the road, but rather the construction. may, there- 
fore, assumed that the survey closes with the measuring and pre- 
paration the expropriation plans. the case each the three 
previous divisions the survey, the approximate cost the work 
for km. road was given the end. here, too, 
stated that the staking out the line and the preparation the 
expropriation plans, still belonging the survey, together are 
estimated about 400 800 marks per kilometer. 

The total cost the survey would add up, according the preced- 
ing figures, about follows 


Field location and preparation 
Total cost survey ........... 040 marks. 


That is, properly and thoroughly conducted surveys for railroads cost 
according smaller greater difficulties, under mid-European con- 
ditions, about from 500 000 marks for each kilometer road. 
With this the writer ends the discussion practicable method 
for making surveys for railroads, proposed the introduction. 
Basing his opinion experience, convinced that those engineers 
who pursue will soon appreciate the great advantage the 
method which proceed step step from the general the 
particular. The investigations are accomplished and satis- 
factory manner, and, with the least competency the chief engineer, 
failure completely avoided. conclusion, let make short 
freview the method work, and show few words how surveys 
railroads are contrary the accepted rule, still often pursued 


impracticable manner. 
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abridged form, the writer proposes the following rules for 
surveys for railway locations 

investigations are made, which must cover 
large territory containing all possible alternate lines. For this pur- 
pose review map prepared, which the topography 
represented and which all important elevations are shown. 
Result; proposal various alternate lines with estimate cost con- 
struction and operation the road. 


Surveys.—The alternate lines suggested the 


general investigations are more carefully examined general surveys 
(preliminary). surveys large stretches land and study 
aneroid barometers, are made. Study the general project 
plan, with profile scale 500 for height. The line not 
transferred the field. Results the preliminary survey—selection 
the most practicable location, general plan given scale, general 
estimate cost with reliably sufficient total cost and estimated income 
the road. 

Thirdly.—The Detailed Surveys.—The general line more closely 
studied, its most practicable location still more accurately deter- 
mined. For this, surveys means the tachymeter, strip 
land from 100 200 wide, are made. Exact maps plats (study 
are made. Study the detailed line the above-mentioned maps 
000, and, the case the without staking off 
the line the field. Drawing the detailed route the maps 
000, also for general review purposes the maps 500, 
which added profile 250 for heights. Results the de- 
tailed surveys—exact determination the most practicable location, 
detailed plan the same and adjacent territory, detailed principal 
estimate the cost the road. 

Fourthly.—Field Location and Preparation Expropriation Plans.— 
This division comprises the transferring the line into the field, 
determined the exact plates, measuring length and elevation the 
located line, measuring and drawing short cross-sections, indicating 
the line the cross-sections and profile, further testing and supple- 
menting the route; finally, measurement and preparation the 
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property maps and making list properties acquired. Result: 
Detailed and thoroughly prepared route the road for those intend- 
ing construct it, the line which has been transferred the field. 

added that the foregoing rules prescribe the measure- 
ment first general, then plots gradually increasing, exact- 
ness, which the choice lines may made, and their study may 
accomplished; whereas, the staking out the line the field and 
the measurement profile and cross-sections cannot undertaken 
till the end, and then only when the exact location the line the 
plots finally determined. This will not only avoid the premature 
and unnecessary transferring the supposed line the field, and the 
making unnecessary cross-section measurements, but will espe- 
cially meet the danger locating the field and building accordingly 
line lacking previous comprehensive and thorough examination and 
investigation. This danger always present, the chief engineer has 
transferred the field any line, according his views perhaps the 
most practicable one, without having previously investigated first 
general, then detailed, maps. Unfortunately this still frequently 
occurs. Itis thought that dependence can placed practiced 
eye, traveling impressions, etc. intended perhaps also 
greatly simplify the procedure the surveys, and hoped attain 
the result more rapidly, the trouble the preparation compre- 
hensive maps and the examination the lines means them 
dispensed with; short, assumed that the best location can 
obtained without long investigation, and acting this supposition 
the line located once the field. The line measured, cross- 
sections are measured and drawn, and the project worked accord- 
ing the location the field. Thus the unfortunate step un- 
favorable solution made. 

soon becomes evident that the line located the field not 
altogether practicable. the line within the limits 
the cross-sections are attempted and these get too far from the 
original line, nothing remains but partially stake out second trial 
line and repeat the measurements and calculations for this one, 
again without good results. this way adjustments and new trial 
lines follow one another, until finally practicable route developed. 
Practicable may be, but who will vouch for that the most 
practicable all possible routes? engineer who has made his 
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surveys the faulty manner just described can say that. has 
idea whether the road could could not carried out another 
location and perhaps very much cheaper, outside the reach his 
limited survey. may even asserted with certainty, that his 
procedure has not attained the result that might have been attained. 
The road, nothing better known, brought construction, and 
costs much more than would cost, its location had previously been 
properly examined the maps and plots, step step, first general 
and then detail and thorough manner, according the given 
rules. 

The surveys for railroads should, therefore, not regarded lightly, 
and any movement toward staking out supposed practicable line, 
without previous and through investigation from comprehensive maps 
should especially guarded against. most cases success find- 
ing the location which the most practicable, and which, when con- 
structed, costs comparatively least, does not follow from too early 
location the field. 

The cost thoroughly prepared surveys seldom more than the 
cost defective surveys which rest line too soon located the 
field, and the difference disappears when compared with the amount 
which saved practicable location founded good surveys. 

There may very simple cases which one can proceed directly 
from the general study the field location. These cases are, however, 
rare, and the writer would advise his colleagues little extra 
work the thoroughness the surveys rather than too little. Good 
surveys pay well all cases. Most dangerous success it, how- 
ever, when the chief engineer undertakes shorten even the recon- 
naissance, and before making the latter, such possible, endeavors 
lay off line the field. 
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the calculation cross-sections roads and railroads strict 
accuracy impossibility, whether plot them and determine the 
areas rigorously, whether obtain the areas from diagrams pre- 
pared graphic methods; because the basis the calculation, the 
shape the ground, cannot given exactly, owing the innumer- 
able deviations the outline the leveling. 


Note the English reader the method computing cross sections 
only applicable to measuremeuts made with the cube uuit; in connection with American 
anu English practice it would be necessary to have the diagram verticals at intervals of 1 yd, 
aud the scales plotted to yards and decimals. 

Wherever the metrical system 18 used the great advautages of the method are manifest. 
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The best practice therefore the most expeditious one that will 
give sufficiently close approximation, and from this pcint view 
our system, proved long experience, appears entirely satis- 
factory. our diagrams can very easily drawn, for each differ- 
ent width roadbed and inclination the slopes, furnish 
simple readings the widths for the expropriations and slope distances, 
both the regular stations and intermediately, and the same time 
the partial areas the sum which the total area the cross- 
section; the inclination the ground may regular irregular. 
These, then, are all the conditions necessary for simplicity and com- 
pleteness. 
The plotting the diagram accomplished the following 
manner: 
Let (Fig. any half cross-section, divided vertical 


lines intervals and intersected the center line the 
road. 


se 


will designate a,........ the feet the verticals intersect- 
ing the platform (formation level), and those the 
verticals which cut the slope. 

general, the surface line determines the figure the rectangular 
less than, equal to, 

The areas the rectangular trapezes, whatever may the surface- 
line, are obtained correctly means the median lines that 
measure scale each one these lines, starting from zero 
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al, may obtain the total area a,, adding together all the 
readings the amounts given the scale. 

The pentagon and the trapezes the slope can resolved into 
mine the areas contained the trapeze and the triangles 
for which employ approximative process. 

Considering the trapeze let assume— 

the variable height, the trapezes; 

their surface; 

the natural tangent the slope-angle from the horizontal; 


have =a+ and foliows: 


deduce from this equation— 


meter. will suffice now for substitute .......... 
the value— 


The successive values are laid out upon the median line 
the point being the intersection the slope-line with the 
vertical 

For the triangles make preceding formula, 
and the limiting values and 


and 


lay out these values the median lines 
this manner wherever the surface-line cuts the median lines 
take for the areas the respective figures the numbers inscri- 


bed upon those lines. The errors are insignificant. 
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will next examine the case where the platform crossed 
the surface-line. 


Fie. 2. 


Besides the areas previously considered find the triangles 
presented the side shown the corresponding scale, and 
consider the second null. effect the greatest amount this error 
when the point coincides with this applies both fill 
case— 

have now the necessary elements for constructing the diagram. 

Upon the axis the road, and also distance (by scale) 
therefrom (see Fig. lay out the scales intended for the ele- 
vations the axis and the inclination the ground. The line the 
platform (subgrade line) also furnished with scale for the widths 
the expropriation. The slope may have another for the lengths 
regulated they may occur. 

employ quadrille paper (paper ruled squares) this last scale 
may obtained from the vertical means values deduced 
from the equation— 


or 


Finally remark that the section the ditch the sur- 
face the cut given diagram. 

The diagram (Fig. designed for roadway 6.6 (21.65 ft.) 
width between ditches. gives the surfaces cut, the width 
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ditch being (3ft.) and the slope-angle 45° 1); the surfaces 
cal twice the horizontal. 

Making our formula— 


.2and for the cutting, 


obtain the following data used laying out the median 


lines 
Values of z. 
Values of A. Cutting. Embankment. 
Trapeze. | Triangle. Trapeze. Triangle. 
0.10 0.290 | 0.447 0.216 0.°65 
600 | 775 463 
.303 oe | 
. bu | 1.900 - 664 | 834 
1.00 320 2.000 1.164 1.334 


for the cutting............ 0.7071 
for the embankment....... 0.5547 


order avoid having the scale the inclinations encroach upon 
the plotting apparently doubles the respective slopes used the 
diagram. 

The readings the median lines may made stretching 
thread with pins with weights, furnished with hooks the base. 
This method enables calculate many 200 cross-sections 
day. 


The values the coefficient the length the slope are— 
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Ex-Technical Director and Member the Board Directors the Lemberg- 
Czernowitz-Jassy Railroad Company; President of the Bukowina Local Railroads; Vice- 


President of the Kolomeaer Local Railroads; Member of the Board of Directors of the Lem- 
Railroad and the Ostrau-Friedland Railroad, 


Nore.—Discussions on ali papers presented to the Internationa) Engineering Congress 
will published the number for December, 1893. 


‘ 


454 ZIFFER THE GAUGES RAILROAD TRACK. 


material the nucleus the considerations issue, especially re- 
gards the newer creations, the narrow-gauge railroads, and thus find 
new points view for this most important subject. 

Before approaching this question more closely, which not only 
purely technical, but essentially economic one, the writer may 
permitted present historic retrospect the evolution the 
railroad gauge. 

The selection the gauge ft. ins. (1.435 m.), measured be- 
tween heads rails, which George Stephenson took 1825 for the 
first locomotive, built his shop, for the first public rail- 
road from Stockton Darlington,* and 1830, for the railroad from 
Manchester not the result technical considerations, 
but only the adoption for railroad purposes the gauge customary 
for road wagons North England; was accidental. 

This gauge, sometimes wrongly named German gauge,” originated, 
therefore, England. was introduced ‘‘Stephenson’s 
into most European countries, and became international 1886, the 
international conference for technical units railroads. desig- 
ordered, Act Parliament, for all English railroads then under 
construction thereafter constructed, except for those the 
counties Cornwall, Devon, Dorset and Somerset. 

has been recognized that this gauge more accordance with 
the ordinary demands freight traffic because with its use the load- 
ing capacity the freight cars, conditional the gauge certain 
degree, corresponds better the customs commerce than with the 
7-ft. gauge. The latter was introduced Isambard Bru- 
the London-Bristol division the Great Western Railway 
1836. The origin the different gauges Great Britain due 
the fact that engineers have partly followed Stephenson’s example, 
and partly that Brunel. With the primitive status the track 
and rolling stock those days, the broadest possible basis 


* September 27th, 1828, must be regarded as the birthday of the present railroad system, 
when the first passenger train was drawn locomotive over the railroad from Stockton 
Darlington, 41 km. long, at a speed of 10 km. per hour, This road had, however, been in 
use since 1825, but until that day had been used for the transport of coal and ore only, the 
same as the other railways of that time, which were mostly operated by horses, 

This was the first railroad built from the start for general passenger and freight 
traffic. It was opened on September 15th, 1830. 

t Dr, Roll’s Encyclopiidie d, ges. Eisenbahnwesens (Biographie Brunel), II Band, 1890. 
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seemed necessary for stability, was supposed that the stability 
the car and the speed attainable would increase with the angle 
stability, viz., the angle formed lines drawn from the center 
gravity the car the heads both rails. This consideration may 
regarded outgrown the present high development iron 
construction and manufacture. The scope the mistake having 
taken several gauges was, however, not realized, until the railroads 
with varying gauges were enlarged join each other. Then 
became evident that differences gauge rendered the uniform opera- 
tion such system railroads entirely impossible and entailed such 
disadvantages compel the adoption standard gauge. 

The Development Gauges Different Countries.—In spite this, 
there were use until recently, England and Wales, the following 
different gauges besides the standard gauge, ft. 11} ins. [(0.597 m.) 
Festiniog and North Wales Railway], ft. (0.914 m.), ft. (1.070 m.) 
and ft. (1.220 m.); ft. (1.220 m.), ft. ins. (1.416 m.), 
and ft. ins. (1.413 m.); Ireland, ft. (0.914 m.), ft. ins. 
(1.422 m.), and ft. ins. (1.600 m.). must mentioned, however, 
that these different gauges are operation only secondary and 
tramcar lines and industrial railways. The Great Western Railway 
has entirely abandoned the broad 7-ft. (2.134-m.) gauge, changing 
standard gauge, May, 1892, its last broad-gauged division from 
Exeter Falmouth, 270km. This feat was accomplished 000 
workmen hours, including Sunday, that there was little in- 
terruption the operation the road. The narrow-gauge railroads 
the large shops Crewe and Chatham with gauge ft. ins. 
(0.460 m.) may also cited, and, curiosity, the transportation 
road the iron works the Furness-Abbey Company, which has 
miniature gauge only ins. 

For Ireland the gauge was fixed ft. (1.6 

France adopted standard gauge 1828, and the majority its 
railroads have been built with gauge 1.5 between rail centers. 
This very inconsiderable deviation from normal gauge, the 
gauge will vary between 1.44 and 1.45 m., according the width 
rail heads. present, clearance 1.44 between rail-heads 
exacted. The movement make narrow-gauge roads acknowledged 
members the European railway system dates from the year 1851, 
but the narrow gauge was first used the engineer Sartiaux, 1874, 
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the passenger and freight railroad from Neuilly-en-Thelle Beau- 
mont. This line contributed largely the development the 1-m. 
gauge railroads, thanks the energy Civil Engineer Level.* 

Narrow gauge was not used main line (chemin 
général) before 1885, when was taken for the railroad from 
meillante Guerche Sancoins Peyrouse. The law 1880 did 
not fix the gauge, but discriminated between railways over which the 
rolling stock the trunk lines could could not pass. 

The specifications for railways, however, provide for gauges 
and 0.75 m., addition standard gauge, and thus enable the 
roads obtain different gauges suitable different demands. The 
above regulation was suspended 1891, and, besides standard gauge, 
only gauges and 0.6 were declared admissible. The 
latter has been recently chosen for secondary (chemins fer intérét 
local) and for strategic railways. Very recently (August, 1892) the 
0.8-m. gauge was chosen for the secondary railroads the Depart- 
ment the Ardennes. The industrial railways also use gauges 
0.5 and upward finally, the Lartigue system, one-rail railroad, 
consequently road without any gauge, should mentioned. 
charter has been given for railway this system from Fleurs 
Panissiére, km., and the right eminent domain was declared for it. 

The Franco-Algerian Railway had adopted the gauge 1.055 
1872; but, since 1877, the gauge has been exclusive use 
Algiers. 1861 the French Government had ordered 
which should furnish strong stimulus the building secondary 
railroads. Considerable merit due Eugen one the 
most prominent members the commission, who advocated the use 
narrow-gauge roads. 

Italy has generally introduced the standard gauge 1.445 the 
same France, but uses also gauges 0.95, 0.85, 0.8 m., and 0.75 
for the secondary railroad Agropoli-Niercato-Cilezito (Salerno). The 
first railway was opened 1839. The industrial railroads and steam- 
tramroads have gauges 0.70, 0.95, 1.0, 1.1 and 1.5m. besides the pre- 
vailing standard gauge. The St. Léon Railway Sardinia was given 
the gauge 0.76 1865; besides this, the gauges 0.85 and 0.95 
are found. The narrow-gauge Sicilian railroads use the 0.95-m. 


*Chemin fer intérét local Neuilly Beaumont, Sartiaux, 1874, 
1 Dr. Réll’s Encyclopiidie d. ges. Eisenbahnwesens, IV Band, 1892. 
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gauge. The Secretary Public Works, Finali, declared, 1891, 
introducing law for secondary railways into Congress, that the 
above enquéte” had unqualifiedly given its opinion, that the 1-m. 
gauge had considered extreme upper limit for secondary rail- 
roads. 

Belgium the first railroad was opened for public traffic 1835. 
Standard gauge predominates, but the 1-m. gauge has been adopted 
for the local railroads, except those joining Dutch secondary railroads 
with 1.067-m. gauge and the railway from Antwerp Ghent, with 
gauge 1.150 

Germany the first railroad, from Nurnberg Firth 1835, and 
the Leipzig-Dresden Railway, were built once normal gauge, 
which has since been adopted for all German main railroads. The 
Mannheim-Basel Railway Baden used alone the Irish gauge 
ft. (1.60 m.), but altered standard gauge from urgent considera- 
tions traffic this was done from 1854 1855. The first railroad 
with all the characteristics secondary road its construction and 
operation was the Railroad the Rhine province, 
built 1862, with gauge 0.785 followed the Gerhard 
Prinz Wilhelm coal railroad, km., 0.725-m. gauge, opened 1863, 
and the Ocholt-Westerstede Railway Oldenburg, 0.750-m. gauge. 
1878, the agricultural railroads were introduced with 1-m. gauge. 

was reserved for the Secretary State, Baron von 
and for Privy Councillor von build narrow-gauge (0.75 m.) 
roads Saxony greater extent, length 199.36 km. Most 
recently, also, other German States show movement favor the 
gauges Besides these gauges, those 1.00, 0.90 and 
0.785 are used secondary railroads, and the gauges 1.00, 0.95, 
0.90, 0.85, 0.79, 0.785, 0.78, 0.75, 0.73, 0.70, 0.68, 0.66, 0.65, 0.60, 0.58 
and 0.54 are found use mining, industrial, agricultural and 
forestry railways. The German Railway Union has recommended the 
gauges 1.00 and 0.74 for narrow-gauge roads establishing the 
principles for the construction and operation local railroads, and 


the code rules for German railways minor importance. Excep- 
tions are admissible only with authorization the Government, under 
concurrence the Imperial Railway Commission. Especial mention 
should made the Prussian law July, 1892, for Rail- 
and private feeders and the issue specifications November 
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1892, which permit only the gauges 1.00, 0.75 and 0.60 besides the 
standard gauge for all railroads operated engines. 

Schleswig-Holstein the main lines use standard gauge, the 
secondary roads have 1.00 and 0.88 gauge. 

Austria, the charter for the first railroad, from Linz Budweis, 
was granted 1824. was opened partly September 30th, 1828; 
was completed August Ist, 1832; and was originally operated 
horses. This line was followed the Linz-Gmiinden Railroad, 
opened May Ist, 1836; its division, was changed 
for operation locomotives 1854; while the Linz-Lambach division 
was abandoned 1859. The Lambach-Gmiinden Railroad was there- 
fore the first narrow-gauge road with gauge ins. (1.106 m.). 

Later roads were all built standard gauge, and only the Bosnian 
campaign opened larger field the 0.76-m. gauge and brought 
into use for main lines, thanks the War Department and the 
Secretary the Treasury, von present, Bosnia and 
the Herzegovina, the Doberlin-Banjaluka Railroad, 101.5 km., con- 
structed the Turkish government, and the junction road from 
Bosnian Slavonian Brood, are built standard gauge; the Bosna 
Railroad and the Bosnian-Herzegovinian State Railroad, with their 
adjoining transportation and industrial roads, aggregate length 
use the 0.76-m. gauge. Gauges 0.550, 0.700 and 0.865 
are also use transport and mining railways. 

1888-89 charters were given the following local railroads: the 
Mori-Arco-Riva Railroad, the Salzkammergut Railroad and the Steyr- 
thal Railroad; they have gauge 0.76 and are now being suc- 
cessfully operated. The Styrian State local railroads, 0.76-m. gauge, 
were granted charters 1890-91 and are now partly under construc- 
tion, partly operation. Other local railroads have been built with 
1.0-m. and standard gauge. 

Hungary the principal roads have been built standard gauge; 
for local railroads, the gauges 1.00, 0.95, 0.80, 0.79, 0.76 and 0.75 
are used besides standard gauge, the smaller gauges being mainly 
taken for coal and mining roads. The first 0.60-m. gauge road was 
the private cattle railroad from Berzowa 3.5 km., built 
1886. 

Russia uses (the standard-gauge roads west the Vistula ex- 
cepted) gauge 1.524 m., which variance with all other great 
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European railway systems; this also due chance. The builder 
the first Russian railway, from St. Petersburg Zarskoe-Selo, the 
Austrian professor, Franz Anton Ritter von Gerstner*, 1837, chose 
the gauge 1.820 m., construct powerful locomotives, oscil- 
lating little high speeds, and obtain more favorable proportion 
between effective and dead load. The American engineer, Major 
Whistler, called expert consulting engineer for later Russian rail- 
ways, selected, however, the gauge ft. (1.524 m.), and this has re- 
mained the Russian gauge, and has also been adopted for the railways 
Finland. roads minor importance the ft.-6 in. gauge 
(1.067 m.) has been introduced, and for feeders main lines, over 
which the rolling stock the latter cannot pass, the standards the 
Russian government, June, 1892, fix gauge ft. ins. (0.60 m.). 

Holland had adopted standard gauge for the Amsterdam-Haarlem 
Railroad 1839; later, the broad gauge 1.93 was originated 
the Amsterdam-Hague-Rotterdam Railroad from causes not evident, 
but has been removed since. Besides standard gauge, the gauges 
0.750, 1.067 and 1.750 m., are use local and street railroads 
(lokaal spoorwegen). 

the Dutch dependency, Java, the first railroad from Samarang, 
built 1862, uses standard gauge the exceptiononly. The other 
railroads Java have ft.-6 in. gauge (1.067 m.), which there con- 

Luxemburg uses standard and 1-m. gauge. 

Switzerland has standard gauge and opened its first rail- 
road 1844; the mountain (rack and cable) and tramcar roads, 
the gauges 0.75, 0.80 and are predominant. 

Spain uses the standard gauge majority its roads, but there 
still exists the Spanish gauge ft. ins. (1.776 m.), called wide” 
gauge, contradistinction narrow and standard gauge. 
Very recently, narrow-gauge roads have been built with 1-m. gauge. 
The first railroad was constructed 1844. 

Portugal opened the first railroad for public traffic 1854 with 
gauge ft. (1.676 m.). Later, roads were built also with 
gauges and 0.90 

Scandinavia, narrow gauge has found entrance some principal 
railroads and preponderating. 


* Dr. Roll's Encycl. d. ges. Eisenbahuwesens, IV Band, 1892, Biographie Gerstner, 
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Sweden and Norway the first railways were opened 1851 
and 1854 respectively. Sweden, standard and 0.891-m. gauges 
have been generally used; besides these, gauges are found 0.802, 
1.067, 1.093, 1.188 and During the last years, more than 300 
miles secondary roads 0.6-m. gauge have been built the system 

Greece has been one the later European States railroad con- 
struction. Its first line, Athens Piriius, opened 1869, was 
standard gauge. For the Thessalian railway system and for the Attic 
Railroad, though main traffic routes, 1.0-m. gauge has been selected 
for economic reasons; these partly under construction, partly 
projected only. The line from Diakophto Kalarryta has 0.75-m. 
gauge. 

Denmark uses standard gauge; its first road was opened 

Roumania opened the first line 1870 and has standard gauge 
exclusively. 

Servia has been one the last countries undertake the building 
railways; has adopted standard gauge, the first line having been 
opened 1884. 

First railway was opened 1866; all roads are built 
standard gauge. 

European Turkey completed its first railroad 1860 and has 
adopted standard gauge. 

The first raflroads built the United States North America, 
1827, and Canada, 1840, had taken standard gauge, because the 
first locomotives were brought over from England. When, however, 
Brunel and his partisans called attention the advantages 
broader gauge regarding easier construction the engines and 
greater stability the trains, standard gauge appeared too 
small, and the New York and Erie Railroad, the Canadian Trunk Line 
and the Ohio and Missisippi Railroad chose the 6-ft. (1.829-m.) 

Other roads also have used gauges ft. (1.525 m.), ft. ins. 
(1.435 m.), ft. ins. (1.676 m.) and ft. ins. (1.473 m.), without 


going the above extreme. Besides these, gauges 1.449, 1.068, 


* Wochenschr. d, dst. Ing. u. Arch. Ver., No. 2 und 3, 1891. 

+ The Grand Trunk Line, in Canada, in 1873, altered its system from broad to standard 
gauge in one day. A similar feat was performed by the Southern railroads of the United 
States, which changed their lines from gauge ft. ins., almost identical with 
standard gauge. This alteration was perfected length roads 500 the 
days from May 3ist to June 2d, 1886, 
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0.915 and 0.763 exist. the Southern roads the gauge 
(1.525 m.) was predominant. 

But the necessity uniform gauge soon became evident. Many 
roads were built standard gauge, and finally compromise gauge 
ft. 9ins. (1.448 m.) was agreed upon for economic reasons. Extensive 
systems were altered conform it. This dimension does not tally 
exactly with standard gauge, but the small difference not considered 
obstacle through traffic. 

After standard gauge had superseded broad gauge the United 
States, began the contest for superiority with narrow gauge. 
1871 the report the legislative committee recommended the latter 
the following words: Where industrial railroads alone are possible, 
the adoption narrow gauge permits the outlay cut down 
about one-half, without decreasing the requisite 

Fairlie* declared before the British Railway Union Liver- 
pool 1870: inch added the absolutely necessary width 
the gauge increases the cost construction, the proportion dead 
load and the cost passenger traffic. conseqently necessitates 
higher tariff and diminishes the benefits the road.” 

must, however, said that recently, since the introduction 
trucks into the rolling stock, movement the opposite direction 
makes itself felt. The trucks allow curves passed, even 
27-m. radius without difficulty, the Manhattan Elevated Rail- 
road New York, and thus remove principal argument favor 
the narrow gauge, viz., that accommodated itself more easily 
the formation the 

Memorable the 0.25-m. gauge the line from Bedford, Mass., 
North Billerica, km. long. 

the Argentine Republic the first railroad was opened 1857, 
Chile 1852, and Peru 1851; these roads were standard gauge 
and gauges ft. ins. (1.676 m.), and 0.763 

Bolivia, the first railway was opened 1873; the line from 
Antofagasta Uyuni, 615 km., has been built 0.76-m. gauge. 

The first Brazilian railroads, completed 1854, have ft.-3 in. 
gauge. Most roads use gauge, however, which has also been 
taken for the Transandine Railway. Gauges 1.40, 1.20, 0.95 and 
0.60 are also use. 


* Dr. ROll’s Encycl. d. ges. Eisenbahnwesens, III Band, 1891, und IV Band, 1892, 
t Annales des Ponts et Chaussées, Aofit, 1892. Uniformité de largeur des voies ferrées aux 
Etats-Unis, par H. Rousseau. 


. 
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Venezuela, 0.92-m. gauge has been built recently. 

Asia, the first railroads were built the East Indies 1853 
with ft.-6 in. (1.676 m.) gauge, Simms. 
called Indian broad and isstill prevalent. There are other 
roads with gauges ft. (1.219 m.), ft. ins. ft. 
(0.762 m.), and ft. (0.610 the last the line from 
Darjeeling. The gauges ft., ft. ins. and ft. were chosen 
each case for special reasons, and therefore need not taken 
into consideration, that only the 1.676 and 1m. gauges remain 
representative. The Indian government seems, however, favor the 
broader gauge, which used building the system the 
Bengal-Nagpur Railway, the Railway, the line from 
Kurrachee Delhi, and the strategic railroad Afghanistan and 
Beloochistan. 

Asiatic Turkey the Ardin and the Cassaba Railroads, the line 
from Mersina Adana and the Anatolian railways have been con- 
structed with standard gauge. the Jaffa-Jerusalem Railroad the 
gauge has been chosen, which will also used the proposed 
lines Mudassia-Brussa and Saint Jean d’Acre-Damascus. 

The first railroad China, km., built the English from 
Shanghai Kangwan, was given ft.-6 in. (0.76-m.) gauge. The 
same used numerous mining roads Peru, leading from the 
interior the ports. 

Japan, the first railroad was constructed 1872, and there are 
present about 000 km. railroads, all with ft.-6 in. gauge. 

Africa, the first road was built Egypt, 1856, with standard 
gauge. Gauges ft. ins. (1.676 m.) and ft. ins. are 
also operation. The narrow-gauge road from Port Said Ismaila, 
built the Suez Canal Company, join the Egyptian main line 
Ismaila, has 0.750-m. gauge. will opened shortly for passenger, 
baggage and express freight traffic; other freight excluded. The 
Congo Railroad will also have the 0.760-m. gauge. 

Australia, find three different gauges: ft. ins. (1.435 m.) 
New South Wales; ft. ins. Victoria and partly South 
Australia (railroads opened 1854); ft. ins. (1.067 m.) Queens- 
land, opened 1865; New Zealand 1863; West Australia and 
partly South Australia, opened 1854. the ft.-8} in. 
gauge predominant. 
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cannot doubted, however, that the disadvantages resulting 
from the difference gauges for international traffic and military pur- 
poses will lead also that country the adoption uniform gauge. 

Total Length Operated Railroads and Amount Invested Capital.— 
the close 1890, the total length railroads operation the 
earth, according the statistics, was 617 265 km. They are divided 
between the continents follows 


these roads— 

Standard gauge used by............. 


The total capital invested railroads was, the end 1890, 
131 000 million marks, average 212 100 marks per kilometer. 

Beginning the Movement Favor Gauge.—The move- 
ment favor narrow gauge began reality only 1869, after 
attention had been called the great importance and value nar- 
row-gauge roads the meeting German architects and engineers 
1868. Until then, main lines had been built almost exclusively; 
these had carry large traffic and had constructed 
fectly possible. Only towards the end the building 
roads inferior importance was begun larger scale, accom- 
modate minor traffic. these roads, called second 


” 


order,” became possible materially reduce the requirements 
main lines regarding construction and operation. But even the relief 
accorded these roads ‘‘second order” did not suffice make 
them interest-bearing. The outlay for construction and operation 
still too high and generally renders their earning capacity entirely 
insufficient. 

Necessity for the Introduction Secondary Railroads with Simple Con- 
struction and Cheap Operation.—It has become necessary develop 
still more simple mode construction for these railroads and for their 


* Archiv f. Eisenbahnw., 3. Heft, 1892. 
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rolling stock, and adopt less elaborate system operation, 
order best meet possible local demands and assist the different 
branches industry. The object has been attained generally only 
introducing narrow-gauge roads (local, secondary, vicinal* railroads), 


which may classified railroads the third order.” Determin- 
ing principles for such roads are the following economical construc- 
the utmost flexibility and freedom the arranging tariffs 
curtailment the jurisdiction the Government public 
interests, especially regarding regulations safety and precaution, 
well simple system operation and greatest possible inde- 
pendence. the head such enterprises must placed men 
purpose and experience, well acquainted with the economic and com- 
mercial condition the districts question, and close touch with 
the people interested the roads, which must adapted closely 
possible the requirements local traffic. The above data and 
deductions show what chaos still exists the dimensions the 
gauge, and prove how important would be, especially for narrow- 
gauge roads, agree certain definite gauges. 

Based the existence such necessity, the writer will now pro- 
ceed the discussion the question issue, the advantages and 
disadvantages the narrow gauges, its proper selection must 
considered fundamental condition for economy constructing 
and operating railroads minor importance. 

Advantages Narrow-Gauge Roads General.—Authorities, who 
for many years have occupied themselves with the construction and 
operation narrow-gauge roads, regard their advantages 

I.—Savings construction. 

the purchase rolling stock. 

operation. 

Disadvantages Narrow-Gauge Roads General.—On the other 
side, some not entirely unprejudiced experts consider supposed 

I.—That the secondary roads are smaller capacity, able ac- 
commodate only light and limited traffic, and consequently little 
value for the purposes the War Department. 

their operation comparatively dear, and that the trans- 
portation animals impossible. 


* Railroads built on the vicinal roads (country highways). 
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the difference gauge entails many inconveniences 
the junction stations. 

Arguments Narrow-Gauge Roads from the Standpoint the Requisite 
Capital and the Quality Traffic.—Before discussing the above advan- 
tages and disadvantages, the writer must emphasize that, his esti- 
mation, the construction secondary road financial question 
primarily. The amount the necessary capital function the 
cost construction and operation, and these again depend the re- 
quirements the passenger and freight traffic. 

The narrow-gauge roads are means transportation inferior im- 
portance, which must bear proper relations the demands made 
them. The selection the gauge will, therefore, depend not only 
the requirements, but also the extent and quality the expected 
traffic, and, further, the capital obtainable, with especial considera- 
tion the earning capacity the proposed railroad line and all local 
conditions. The narrow-gauge roads have consequently found en- 
trance everywhere, where the conditions necessary for the building 
and operating standard-gauge roads not exist. 

Justification the Hitherto-Used Gauges.—Each the gauges used 
hitherto has its advantages, its disadvantages and its justification. 
Where great bulk freight received from standard-gauge 
road, and where the proposed line which join short, 
standard-gauge road may advantageous favorable locality and 
under certain conditions. location, where heavy gradients 
sharp curves cannot avoided all only great expense, the 
gauge becomes the more preferable, the object attained 
connect, small outlay and through simply operated roads, 
with the international traffic, parts the country economically re- 
tarded remote from the world’s interchange; facilitate their 
supply raw material and the distribution their products, and 
create new industries. Such roads play the truckman; they 
carry goods the large roads and receive goods from them for delivery. 
can said that the gauge may variable the necessity for 
the construction secondary roads. 

Consequently, the secondary roads must not adhere the present 
system construction and equipment, and must deviate consider- 
ably from the standards construction well operation large 
roads. They take the place country roads lines 


y 
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measure, and deriving their principal importance from the accommo- 


dation local traffic, the cost must bear proper proportion its 
demands, order insure suitable percentage interest the 
invested capital. 

Principal Conditions for Secondary Roads and for the Selection their 
Gauge.—A cardinal principle must build secondary roads the 
smallest possible expense, and narrow gauge, light motors and low 
speed must chosen accomplish this. The last will permit in- 
stallation inadmissible with railroads using higher speed. The proper 
selection the gauge essential condition, but shall consider 
only the gauges 0.75 and 0.60 m., which have been principally and 
successfully used. 

Advantages Narrow-Gauge Roads Detail.—Regarding the above- 
mentioned advantages narrow-gauge roads, must stated— 

I.—Economy construction principally brought about the 
faculty narrow-gauge roads adapt themselves closely the 
formation the country and use steeper gradients and smaller 
racii. The progress made already this respect proved the 
fact that some countries the cost per kilometer has been reduced 
from 100 000 000 that is, less than one-third.* 

The cost per kilometer Belgian narrow-gauge roads, which 
1.0-m. gauge prevails, fluctuates between 000 and 000 francs for 
substructure and superstructure, including bridges, culverts, etc.; 
they average 430 francs for buildings, making total 430 francs. 

The 0.75-m. gauge Gelder road Holland cost 400 francs per 
kilometer. 

The average cost the Saxon narrow-gauge roads, 0.75-m. gauge, 
has been 500 marks per kilometer. 

Germany, there are open for public traffic 051 km. narrow- 
gauge roads with gauges 0.90, 0.785 and Besides, there 
exist km. mining, industrial, agricultural, forestry and other 
roads, not open the public, with gauges 0.95, 0.90, 0.85, 0.79, 
0.785, 0.78, 0.75, 0.73, 0.70, 0.68, 0.66, 0.65, 0.60, 0.58 and 0.54 The 
average cost the former was 124 marks per kilometer, the receipts, 
4721 marks, the running expenses, 210 marks, the re- 


was 113 000 francs, the end 1890, this total length 1450 were narrow-gauge 
roads, mostly with 1-m. gauge. 


‘ 
ceipts. The capital brought average interest 2.6 per cent. The 
* The average cost of secondary roads in France, with an aggregate length of 3 150 km. 
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most expensive narrow-gauge road was one the Breslau Railway 
district, with 114 marks per kilometer; the cheapest was the line 
with 15179 marks per kilometer. The aver- 
age cost private feeders km.), operated with engines, was 
499 marks, and those operated with horses (502 km.), 806 
marks per kilometer.* 

standard-gauge roads the radius curves must not less than 
100 m., very serious disadvantages will have encountered; 
while with 1-m. gauge, radii down with 0.75-m. gauge down 
m., and with 0.60-m. gauge down may used. These 
curves permit the formation the ground followed and result 
savings earth and rock work well masonry and bridge 
work. The advantage sharp curves and steep grades makes itself 
especially felt where public country roads are utilized. these the 
track can generally laid their grade and alignment, and can 
carried through the villages their mines factories. 

Hereby there are brought about 

(a) Savings the Roadbed.—-These are, especially the railroad 
needs separate roadbed, savings the acguisition right 
way and the amount grading and masonry and bridge 
work. The size depots and yards can The bottom 
width roadbed for cuts and embankments the open road 
4.30 for standard-gauge secondary roads; while, with the 
three most popular widths narrow gauge, can built the 
following dimensions 


Bottom widths 


retaining walls are used cuts embankments, the bottom 
width roadbed may further diminished about 0.20 


* « Statistik d. im Betr, befindl. Eisenb. Deutschlands, Betriebsjahr 1890-91, Berlin,. 
1891.” 


In Austria-Hungary—Bosnia and Herzegovina (0.76 m.)............ 2.8-3.0 “ 
On the Saxon Secondary Roads (0.75 2.95 
Ocholt-Westerstede Railroad, Germany (0.75 2.C0 « 


« « Brdbithal Railroad, Germany (0.785 dl 
Waldenburg Railroad, Switzerland (0.75 

the Décauville railroads: 
(France and transoceanic countries) (0.60 m.).............seeeeeeeeee++2.50 “ 
On the Scandinavian Local Railroads (0,60 m.)............cee+ececeeees 2.80 « 
from Louisenhain tothe Warthe Germany (0.60 m.)...... 
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According the experience narrow-gauge roads different 
countries, the average cost the substructure stands about the 
following proportions 

Savings Superstructure.—The smaller gauge admits 
superstructure account the use rolling stock with less pres- 
sure per axle. The ensuing savings the weight rails and angle 
bars wooden iron ties sleepers, the amount ballast, and, 
finally, the number and length yard side tracks, may very con- 
siderable. 

While standard-gauge local railroads the weight rail per run- 
ning meter varies between and kg., is— 

Weight kilograms 

Bottom width road- 

bed (wooden 


per meter 1.6-1.7 
Thickness same 


meters 0.25 0.20 

With iron ties the thickness the ballast still less and decreases 
down Wooden ties have lengths 1.8, 1.5 and 1.3 m., 
upper width 14, and cm. respectively, and thickness 
The distance between centers tracks the stations is, 
according the width rolling stock, 3.5 3.75 with 1-m. 
gauge; 3.30 3.50 with 0.76 0.75 gauges; and 3.20 
with 0.69-m. gauge. The clearance between passing vehicles 
generally made 0.70 0.80 

For the superstructure the following ratios may therefore as- 


0.75 0.60 
0.8-0.7 0.6-0.5 


Weight of rail per meter, 
* In Austria-Hungary (l-m. gauge) 17.8-23  kgr. 


“ Bosnia and the Herzegovina (0.76-m. gauge) 
Bosnia and the Herzegovina rack railroads (0.76-m, 


Saxon narrow-gauge roads (0.75-m. gauge) 

Waldenburg railroad, Switzerland gauge) 
Décauville railroads, France (0.60-m. gauge) 

Scandinavian railroads (0,60-m, 


17.8-23 
9.8-17.9 
15.5 
15.1 
9.55-15 
9.9 “ 


No. RaILRoaD. 


. 


Vicinal Railroads ... 


BO. 


-. Innsbruck-Hall (Tyrol)....... 
do 


-. Appenzell Tramcar Railway 
(Switzerland) 


Jura- Simplon (Sw itzerland).. 


and Styrian 
State Railways. ............ 


Salzkammergut, Steyrthal and 


Mori-Arco-Kiva Railways... 


Bosna Railroad....... 
.--|Herzegowinian Railroad, Max- 


imum Grade 6 % .........+. 


13....\Saxon Narrow-Gauge Rail- 
15 ... Décauville Railroad (France) . 
17....|Paris Exposition and French 
Military Railways...... 
19... 
20....|Décauville Railroad (France).. 


Cristobal-Tucuman (The 


./Tender Locomotive, 3 axles coupled, weight empty, 18.5. tons: (La Métallur- 


DESCRIPTION, 


pieotacenctins, 3 axles coupled, acre empty, 13.6 tons (Cie. de Fives- 
Tender-Locomotive, 3 axles coupled, weight. empty, 15 tons (E. & J. Halot, 
Tender-Locomotive, 2 axles coupled (Krauss & Co. Munich) eosee 


piathiiiinentinen for aan and rack railroad ; 3 axles coupled, of 
which the central one is rack driving axle. Weight empty, 16.8 tons. 
(Winterthur, Switzerland) ......... Co ce 

Combined rack and adhesion engine, 2 coupled axles and rack working 
gear, tender and one “‘ Bissel ” axle (Syst. Klose). Weight empty, 26 tons. 

Tender-Locomotive, 2 axles coupled. Weight empty,9.5tons. (Krauss & 


Tender-Locomotive, with combination pivot truck; 3 axles coupled, ot| 
which the near axle allows a lateral motion of 25 mm, each way. Adhesion} 

Curve Locomotive, 3 axles coupled, which are movable radially, ‘and one 
tender-axle (Syst. Klose), Adhesion weight, 20 


Duplex-Locomotive Weight empty, 19.2 tons. (Krauss &| 


Combination Rack Railroad Locomotive (Syst. (Florisdorf Locomo- 
tive Works) ........... 
Tender-Locomotive, 3 axlescoupled. Weight empty, 12.45 tons, (Chemnitz 
OO.) 
Tender-Locomotive, with 2 boilers and 4 cylinders, twice 2 coupled axles 
and double furnace. Weight empty, 22.3 tons. (Syst. Fairlie.) (Glaw- 
thorn, Newcastle-upon- -Tyne) TTT 
Locomotive with 2 coupled axles and a tender with 2 axles. Weight empty, 
|Locomotive with 2 coupled axles and a tender with 2 ‘axles, Ww eight empty, 
Compound Tender-Locomotive, ail4 axlescoupled. Weight empty, 4.5 tons. 
Compound Tender-Locomotive, 2 pairs of coupled axles. Weight, empty,| 
Duplex Tender. Locomotive, 2 bogies ‘and 1 furnace. “Weight empty, 10.5| 
tons, (Syst. Péchot- Burdon). 


Combination Rack Railroad Locomotive. Weight empty, 13 tons. Eta- 
blissement 


Gauge. 


coo 


a 


Smallest admis- 


Meters, 


30 


20 
20 


The Scandinavian Local Railways, 0.6 gauge, use compound locomotives with four cylinders and eight driving whee! 
Noticeable are the Legrand Compound Tender Locomotives for 0.6-m gauge, weight in service, 5.5 tons, 2 coupled axles, 
and all the other mechanism remain 


There is further worth mentioning the Corpet and Décauville Tender-Locomotive, 0.6-m. gauge, for industrial and agrict 


| 
i 
| 
| | | 
1.0 
10 | 
0.76 
0.76 
0.76 
0.76 
0.76 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 


| 
| 
| 


TABLE 


ga a 
| 
1.0 0.61 0.270 0.380 0.800 
1.0 0.77 34.30 0.350 0.360 0.832 
1.0 0.72 30.20 0.280 0.360 0.820 
0.796 
0.43 23.48 0.350 0.75 
0.76 1.16 57.78 0.216 0.335 0.813 
0.29 8.72 0.150 0.300 0.60 
0.60 0.30 15.0 0.300 0.70 
0.170 
0.60 0.42 22.3 0.255 0.60 
0.187 
0.60 27.0 0.250 0.7 


Weight when in ser-| 
vice, in tons, 


Average drawing ca- 
pacity in kilograms.) 


eight driving wheels which are able to draw a 40-ton train at a speed of 24 km, per hour on gradients of 2.86%, and 
8, 2 coupled axles, which can be also used for 1-m. gauge. To do this, the axles are taken out, the wheels are put out 


mdustrial and agricultural purposes. 


Vide Locomotive voie étroite 1839,” Génie civil, 1890, 


ives 
18.0 
allur-| 
22.8 
970 
10.6 060 
d, of| 
ons. 
21.4 
king 
tons. | 
32.5 
188 a| 
12.0 400 
i, 
281012 
22.7-24 500 
one} 
25.0 520 
430 
| * 400 
nitz 
16.0 100 
axles 
tlaw- 
28.0 420 
2 
6.25 722 
7.50 020 
tons.| 
12.0 155 
12.0 800 
13.0 900 
Eta- 
16.0 


0.6 


exhibition the Paris Exposition, 

Vide Organ f. da, Fortschr. d. E, Bw., 1891. Uebersicht der in Paris aus- 
gesteliten Loc. H. v. Littrow Stahl u. Eisen, 1892. Ueber Feldeisen- 
bahnen, E, A. Ziffer. 


Information from the Locomotive Works of Krauss & Co., Munich and 
Linz, 


crémaillére, J, Martin et L. Marad. Paris, 1891. Nouvelles Annales de 
la Coustr. Dévembre, 1891, 

* as 

Mechanism, 

Diameter Tender Wheel, 0.555 

Information from Krauss & Co. 


Trial runs made with maximum speed km, per hour. 


Glaser’s Annalen, 1838: Trial runs with 50 km. speed. 

Construction of two coupled locomotives, touching with their fireboxes; 
the two engines can be used separately. 

* Weight, empty and in service, grate and heating surface given for 
both 


Vide Secondary Railways of Saxony. Berlin. 


do 


{ Vide Const. et exploitation des chemins de fer d voie de 0.6 m, R. Tartary, 
| Paris, 1891. 
Vide Const. exploitation des chemins voiede 0.6 Tartary 
i Paris, 1891. 
A. Mallet: Développement de l’application du systéme compound aux 
machines locomotives, Paris, 1890, 
Schweiz, Bauzeitung, 1890. 


( Information from the Décauville Company. 
* 
The engine may reach a weight of 21 tons, 
The trains on the railroads of the Departments Loiret and Calvados, on 
the Royan tremcar line and on the Escoublac-ia-Bole Pornichet Railroad, 
run with a speed of 25 to 30 km. per hour, 


which pass curves of 20 m. radius, 
side of the frame and the crauk pins are keyed on to them ; the journal boxes 


Jeber Feldeisenbahnen,” E. A. Ziffer, Stahl und Eisen, 1892. 


) ‘ 
) 
|_| 
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(c) Savings Buildings.—These savings become very large 
railroad limits itself provisional and absolutely necessary structures, 
which may done especially roads with smaller gauge accom- 
modating limited traffic. But savings the depots are possible 
every case. 

Saving Equipment.—The smaller the gauge, the less becomes 
the weight the rolling stock, without necessarily diminishing its 
stability effectiveness equal proportion. Unquestionably, the cost 
the equipment, built lighter for lighter traffic, diminishes also 
with the gauge, even under the same requirements concerning carry- 
ing capacity and appliances safety and precaution (brakes, drawing 
gear, buffers, etc.). 

Table Dimensions Locomotives,” shows 
that the engines for smaller gauge (0.86 0.75 m.) have been con- 
structed with larger grate area and greater drawing capacity than 
those for 1-m. gauge; further, that engines for 0.6-m. gauge are capable 
meeting very stringent demands, especially drawing capacity, 
adhesion, weight and flexibility passing sharp curves. Combined 
rack railroad locomotives for 0.76-m. gauge have also been long 
operation without giving any trouble being less 

The construction modern locomotives certainly suitable 
facilitate the building railroads small outlay and guarantee 
the earning capacity lines, very doubtful greater cost. find, 
also, that all hindrances narrow gauge have been removed the 
effectiveness 

and Open Freight shows that cars 
with loading capacity tons can built, not only for 1-m. gauge, 
but also for smaller gauges, which case the dead weight per ton 
capacity, available area and volume cars lessened. 

gives the main dimensions passenger cars, which 
show also more favorable proportion between gauge and width 
The cars for the Salzkammergut the Styrian Local Rail- 
roids (0.76-m. gauge) are 2.2 wide, those Décauville (0.60 m.) are 
1.7 m., that is, almost three times wide the gauge, and have been 
unobjectionable use for extended period. The cars the Bosna 
the Décauville shops the writer saw combined (adhesion and rack) locomotive for 
0.60.m. gauge, the dimensions of which are also contained in “ Table A.” 


+ See pp. 18-20, 
§ See pp. 22, 23. 
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Railroad (Coupé system) give clear width 1.8 m., admit 
recumbent position the passengers. facilitate the passing 
curves, movable axles trucks are, course, used narrow-gauge 
roads; the latter have been adopted for the Décauville cars, which may 
considered examples followed. Special mention should 
made the combined cars, length over all 9.8 m., inside length box 
5.95 m.; then those with outside width box 1.7 m., and inside 
width 1.65 m., weight 4.7 tons, capacity four horses, four head 
cattle men; finally, the covered box cars, volume cu. m., 
capacity tons, with floors low that inclined platforms are dis- 
pensable for loading and unloading. 

comparing the dimensions rolling stock given the above 
three tables, their mode construction has taken into considera- 
tion. The dead weights cars depend also the material, for which 
the writer has data. 

Total Savings the Construction Narrow-Gauge Roads.—Consider- 
ing the savings narrow-gauge roads their entirety, the estimates 
eminent engineers for certain railroads different countries, for 
various gauges, always taking the greatest admissible grades and 
smallest radii, result saving, according the chosen gauge and 
the locality, against standard gauge. With the difficulties 
the locality, the saving the use narrow gauge increases. But 
these data can give directions only special estimates must made 
for each separate case, and the difference cost has calculated 
for the different gauges. 

Savings Operation.—The working expenses comprise 

(a.) General administration. 

Maintenance and inspection roadbed. 
(c.) Station and yard service. 

(d.) Train and shop service. 

Strictly speaking, the cost the general administration and partly 
the station and yard service independent the but the 
saving maintaining and inspecting the roadbed quite noticeable, 
there less substructure work, especially less and not important 
masonry work, lighter construction superstructure and lower 
speed trains. There are savings the limited extent buildings, 
and the train and shop service, due the less wear rolling stock 
its smaller dead load and more simple construction, and also 
shorter trains and the easier handling them the stations. 


} 
4 
4 


2 W U} 193uesseg 2 Ry 4 
vA a | 


474 


475 


ZIFFER THE GAUGES RAILROAD TRACK. 


JOWIUINS WO OL 04 
Peonpes oq 4,4 
“ur 
sep  yjojdxe 


“ma | doy Surpavig 
“17g "nd 
“seed 9 
J Z | 203 woos 
e130q puv 


ger 


“seud g Bui 
‘TEST 


‘| 8st 


ep ep np 96 
op *u1001030] 18% 
-aour 
OF JO poods 
unease ‘AT op op 9's 
410A unl 
op op sie OL 09°0 


” 
“AY * “gg 


“sky 


“op 


“BAY 07899 | 


07 


9L°0 


| 
| 
| | 
} 
| 
| 
| 
4 
¢ 
| 
5 
4 
| q 
| 
| 
| 
| 
4 


476 ZIFFER THE GAUGES RAILROAD TRACK. 


All these savings working expenses can proved only 
rating comparative studies systems operation for different 
narrow gauges. Otherwise, the given differences can regarded 
only approximately correct.* 

Disadvantages Narrow-Gauge Roads supposed dis- 
advantages are 

Limited traffic, small efficiency and little usefulness for military 
transports. These objections are contradicted actual experience. 
The writer will cite the following widely known examples 

The single-track road, gauge 11} ins. (0.597 m.), from 
Festiniog Port Madoc, North Wales, built horse-car line 
1832, gradually rebuilt and operated locomotives since 1864. 
km. long and has branches with the same gauge with total 
length 22km., leading the slate quarries Galles. The original 
capital, 000 per kilometer, has been raised 165 000 francs 
per kilometer series transformations, and consists stocks 
exclusively. The weight rail has increased from per meter 
1832, successively kg. 1847 and kg. 1871. The 
maximum grade 1.25%, the curves with radii ordinarily 120 
down radii m., used without tangents between reversed 
curves. 

Traffic has continually increased since 1865; the beginning, the 
number passengers was 000 per while 1888, 142 000 
persons and 113 000 tons freight were carried, and this during the 
day only (no trains run Sunday). There are trains each 
direction daily, which six are passenger the trains number 
often 150 cars, with aggregate length 360 400 
The annual gross receipts per kilometer reached the sum 000 


* Die gemischte Spur. Jahrb. d. siichs. Ing. u. Arch. Ver., Kopke, 1883. Frankreich’s 
Local u. Schmalspurb., W. v. Nordling. Zeitschr. f. d. ges. Local u. Strassenbahnw., 1886. 

Ueber Schmalspurbahnen Pers. Giiterverkehr. derartige Bahnen 
North Wales, spec. die Festiniog Bahn, Koch, Str. Bw., 1881. 

Str. Bw., 1883-1891, 

Die Zuider Dampftramway, Hostmann. ges. Loc. Str. Bw., 1882. 

Ueber schmalspurige Industrie Bahnen, Hostmann. ges. Loc. Str. Bw. 

Ueber Schmalspurb., A. Birk. Z. d. dst. Ing. u. Arch. V., 1885. 

Bau Betrieb Hostmann, Wiesbaden, 1881. 

Vergleich. Betracht. tiber Bau u. Betriebsergebnisse normal u. schmalspuriger Secun- 


Neuere Fortschritte Ver deutcher Eisenbahnverw., Nos. 
96-98, 1891. 


- 
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francs, which 8000 francs are due the passenger 
The traffic consequently four times large that the Algerian 
railroads, and the yearly net receipts amount nearly 000 francs, 
which income would authorize the French government compel the 
Algerian roads lay second standard-gauge track. 

2d. The Darjeeling Railway, British India, 2-ft. (0.61-m.) 
gauge, the road from Calcutta the first plateau the Himalaya, 
altitude above sea-level, laid mostly along the high- 
ways with average grades 2.5%, maximum grade and 
curves with radii down Weight rail, kg. per meter. 
Cost, 78000 francs per kilometer. 1888, 800 passengers and 
700 tons freight were carried gross receipts 940 per 
kilometer. The running expenses were the receipts. 

3d. The railroad from Antwerp Ghent, Belgium, gauge, 
length, km., built between 1844 and 1847, operated similarly 
trunk lines with through trains km. hourly speed. This road 
carried 500 000 passengers and 000 tons freight 1887 
the passengers numbered 089 838, and the receipts were 765 409 
francs 713 591 francs were received for baggage, express, and common 
freight. The expenses were the 

4th. The Paris Exposition Railroad the Champ Mars, 1889, 
surnamed Railroad,” 3km., 0.60-m. gauge, carried six and 
one-half millions passengers within six months. This double the 
rate the Bastille Paris, which summed only 
five and one-half millions months. Forty-two thousand five hun- 
dred trains were run, with total weight 1781 making 106 250 
train-kilometers. Each train had capacity The gross 
receipts per kilometer were 550 000 francs the operating 
expenses were 160 000 francs, the receipts. The maximum 
grade was 2%; the smallest radius was the open road and 
the stations. This was, undoubtedly, the first time that such 
record was made gauge road with such primitive means, and 
are used such first-class standard-gauge roads 


* Bau u, Betr. d. Schmalspurb., W. Hostmann, Wiesbaden, 1881. 
Dr. ges. Eisenbw., Band., 1890. 


+ “* Das Eisenbabnw. auf der Weltausstellung in Paris,” A. Birk, Z. d. V. deutscher Eisen- 
bahnverw., No. 73, 1889. 


90. 


Le chemin de fer Décauville pendant ]’Exposition de 1889, Corbeil, 1891, 
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5th. The Vicinal Railroad from Pithiviers Toury, France, 267 
km. long, which 19.4 km. use the highways, has been built with 
gauge 0.6m., maximum grades and smallest radius, 
expense 000 francs per kilometer. Six trains are run daily, 
with maximum speed km. per hour. 

6th. The Vicinal Railroad from Luc-sur-Mer Dives, France, 
km., built along the highways with gauge 0.6 m., has maximum 
grades and smaller radius The cost was 000 
francs per kilometer. Twenty-four trains are scheduled daily, with 
hourly speed train seats 225 persons. 

Considering the favorable results the fore-mentioned French local 
roads, the General Council the Departement Calvados resolved, 
August, 1892, adopt the 0.6-m. gauge also for the county system 
secondary roads, comprising several hundred kilometers. 

7th. The results narrow-gange roads Hungary are contained 
the following table: 


1890 
» 4 x 
| 
Bnda-Pesth-Szt. paetoanee ope... 0.76 8.6 | 21555 | 4374 | 60.5 | 8.8 6.5 
Golnitz Valley Railroad... 1.00 | 33.0 | 44865 | 4415 50.5 5.0 
Taracz Valley Railroad................ 0.75 | 32.8 | 19 750 472 58.5 1.0 
Marmaroser Railroad.. eo seceee-| 0.75 | 40.3 | 22446 | 2425 35.5 9.9 4.5 
Belisce-Kapolnaer Railroad........+++- 0 76 | 38.5 | 18797 | 2817 51.0 7.4 
Bud«-Pesth Local Railroads............ 1.44 | 41.1 | 41865 | 4064 87.1 1.3 


the end the table the figures are given for the standard-gauge 
Buda-Pesth local roads. This line operated under exactly the same 
conditions traffic the Buda-Pesth-Szt. Railroad, and fur- 
nishes practical example showing how much more profitable, under 
the same conditions, narrow-gauge road may than one with stand- 
ard gauge. The gross receipts are almost alike, but the operating 
expenses the narrow-gauge road amount and those the 
standard-gauge road the gross receipts. The operation 
the former consequently more economical, though its length 8.6 


| 
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km. only, while the administration expenses the latter road are 
distributed over 41.1 km.* 

8th. The Agricultural Railroad the Crown Estates Mezohegyes 
Hungary, 0.76-m. gauge, opened 1889, km. long, has 
maximum grades 5%, smallest radii Cost, 500 florins per 

9th. The Bosna and the Bosnian-Herzegovinian Government Rail- 
roads. Gauge,0.76m. The former was built supply road during 
the occupation campaign 1878; was very imperfect technically, 
and small efficiency transportation. The original cost averaged 
900 florins per kilometer, but has been gradually transformed and 
lengthened. 

present the system the Bosna consists 


The Bosnian Brod-Doboj-Zenica Railroad, 189.7 km., the 
cost which reached 200 florins per kilometer. The smallest 
radius. The invested capital 410 311 florins brought 
interest 1891 against 1890. 

The Zenica-Serajewo division the Bosnian-Herzegovinian 
Government Railroad, 78.6 km., cost per kilometer 157 florins, 
smallest radius 275 m., steepest grade, per cent. The invested 
capital 902 034 florins and paid 1891, against 
1890. this line, ard the above-mentioned Bosnian Brod- 
Zenica Railroad, 254 669 passengers and 172 935 tons baggage, 
express and ordinary freight, were carried. Each passenger aver- 
aged 77.1 km., and each ton freight 102.07 km.; 27.16% 
the receipts belong the passenger traffic. The operating ex- 
penses were 55.6% the receipts. 

The mining road, 20.5 km. Mini- 
mum radius, m., steepest grade, 0.2 per cent. Average cost per 
kilometer, 765 florins. 


* « Die schmalspurigen Localb. in Ungarn.”” Z.d. V.d. Eisenbahnverw. No. 5, 73 u, 76, 
1892. 


4, Eiseubahnverw. No. 90, 1892. 


Bosn:bahn,”’ 1879-189, Scrajewo, 1889. ‘* Die Bosnabahn, speciell ihre bauliche Anlage.”’ 
Z. f. d. ges. L. u. Str. Bw. 1890, Dr. ROll’s Encycl., II Band, 1890. Der Bau u. Betrieb der 
K, u. K, Bosnabahn u. d. Entwickl. bosn. Eisenbahn. A. Obermayer. Oest, Eisenbahnz. 
Nos. 53, Ueber Bau Betrieb bosn.-herzeg. Staatsbahnen, bes, Zahnradbahn 
zw. Rorajewo u. Konjice, F. Pfeuffer, Z. d. oest. Ing. u. Arch. V. Nos, 22 u. 23, 1893. Bericht 
ii d, Studienr. in Bosnien, Mai, 1888, P. Kortz, Wochenschr, d. oest, Ing. u. Arch, V. Nos. 35 
&. 38, 1888, Verordnungsbl, f. Eisenb. u. Schiffahrt No, 133,19. Nov., 1892, 
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Doboj-Sinnin-Han, 66.7 km., smallest radius 
m., steepest grade cost per kilometer, 490 florins. The 
track old steel rails, 14.2kg. per meter, from the Tobuk-Zenica 
Railroad. 1891, 841 passengers and 528 tons baggage, 
express and ordinary freight were carried. Each traveler made 
average 29.8 km., and each ton freight The gross 
receipts are 135 584 florins, which are due the passen- 
ger traffic. The operating expenses were the receipts 
against 1890. 

The division Metkovic-Mostar, 43.2 km., smallest radius 
100 m., steepest grade, cost construction per kilometer, 
000 florins. 

The line Mostar-Ostrozac-Serajewo, The Ivan 
Mountain passed the combined adhesion and Abt rack rail- 
road system length 15.14 km. the mountain division 
the maximum grade 6%, the smallest radius 125 m.; the valley 
division the smallest radius m., and the maximum grade 1.5 
per cent. The rails the adhesion line are Vignol rails, weighing 
17.9 kg., and those the rack railroad weigh 21.8 kg. per meter. 
The division Mostar-Rama, km., cost 000 florins per kilometer 
average, and the Rama-Serajewo division, 77.5 km., averaged 
000 per kilometer. 


This system, its entirety, takes the place There 
average 3.3 trains per day with hourly speeds km. 
The number trains each direction can, however, increased 
24. This alone refutes the supposed small efficiency narrow-gauge 
roads for military purposes. 

10th. The Saxon Narrow-Gauge Roads, 0.75-m. gauge, comprising 
branches, having 1889 total length 199.36 km., cost, 
average, 62584 marks per kilometer. The annual receipts per kilometer 
were 673 marks, the expenses 059 marks, the former. 
The capital paid interest. 

According information obtained from the Royal Saxon State 
Railroads, these roads have proved highly suitable, and their gauge 
has rendered feasible confer the benefit railroad connection, 
without disproportionate expense, villages remotely situated 
side valleys and cut off from main lines mountain chains. 

1lth. The Bari-Barletta Railroad Italy, 0.75-m. gauge, carried 
378 790 passengers and 94100 tons freight 1886-87. During 
October the traffic amounted 863 passengers and 010 tons 
freight, giving yearly capacity 500 000 passengers and 000 
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tons freight. Thetrains are composed passenger cars, and 
run speeds km. per hour. 

12th. The Bolivian railroad from Antofagasta, the shores the 
Pacific, through the desert Abacama Ujuni and Oruro, has been 
being extended Oruro, and the intention continue later 
the Bolivian high plateau Pas the north, and Suere the 
east. The has gauge ft. (0.76 undoubtedly the 
most remarkable instance high plateau railroad. There are run- 
ning over maximum grades even Pullman cars 15-m. 
length; with two four-wheeled bogie trucks, transverse seats and 
middle passage, and passenger cars 9m. long three transversely 
movable axles, with longitudinal seats and center aisle. 

13th. The railroad from Morvi, Asia, 2}-ft. (0.76-m.) gauge, 
miles (151.25 km.) long, has been operation for five years. The 
annual average traffic amounts 225 000 passengers and 200 tons 
freight. There are regularly two daily trains each direction, and 
the yearly operating expenses are 3294 francs per kilometer 64% 
The capital pays interest per cent. 

14th. may finally mentioned that, order not burden the 
State finances too heavily and make the income meet the expenses, 
intended adopt the 0.6-m. gauge for the Peloponnesian rail- 
roads, which light traffic only can expected. The cost not 
exceed the sum 000 francs per kilometer under any condition. 

alleged objection the greater operating expenses 
narrow-gauge roads, which are said increase proportion the 
decrease the gauge, is, according the experience practice, just 
poorly founded the objection that the smaller radii offer greater 
resistance the passing vehicles. The latter has also been refuted 
theoretical considerations and actual experiments. 

The cost construction German narrow-gauge railroads, with 
total length 1051 km., gave average 124 marks 1890-91, 
comparatively very high sum. The annual working expenses 
averaged 210 marks per kilometer the annual receipts 
4721 marks per kilometer; the invested capital paid, therefore, 
which result would undoubtedly have been much more favorable 
narrow gauge had been 


Stat. Deutschland stehenden Eisenb. per 1890-91, Reicheisenbahnamt, 
Dr. ROll’s Encycl., f. d. ges. Eisenbahnuw., II Band, 1890. 
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The objection frequently raised that cattle transports are pos- 
sible narrow-gauge secondary roads has also been removed the 
fact that the Bosna and the Bosnian-Herzegovinian State 
Railroad, 0.76-m. gauge, four head cattle four horses are loaded 
into covered freight cars, 6.7 long, 1.66 wide and 2.15 high, 
and are transported without trouble. There are regular transports 
cattle also the Ocholt-Westerstede Railroad, 0.75-m. gauge, the 
Broehl Valley Road, 0.785 m., and the Salzkammergut Railroad, 
0.760 m., and even the Décauville Railroad, 0.6 m., the use com- 
bination cars, 9.8 long, 1.7 wide, weight 4.7 tons, and covered 
box cars, contents cu. m., has proved success for the carrying 
The circumstance that approaches inclined planes are dis- 
pensable loading deserves special mention. 

connecting with existing projected standard-gauge roads, imme- 
diate passage the rolling stock impossible, and changing cars 
for passengers and reloading freight becomes necessary. But this 
drawback loses importance, one decides render possible mutual 
exchange cars mechanical appliances. must mentioned, 
however, that their use necessitates the clearance profile standard- 
gauge roads and obliterates one the essential advantages 
narrow-gauge roads. interchangeable car bodies, lifting derricks, 
etc, are used, the cost rehandling becomes higher than with the 
ordinary system reloading from car car hand. The Inter- 
national Railroad Congress Paris 1889 resolved that the 
simplest and cheapest reload goods from car car without mechan- 
ical apparatus.* 

The above disadvantage does not all enter into consideration 
where isolated roads are concerned, those which are form new 
narrow-gauge system. The such roads limited, there 
through traffic, and generally only the local traffic the countries 
provinces reached the system has subserved. From eco- 
nomic point view, the secondary roads must regarded indus- 
trial enterprises, and their mode operation must therefore bear 
proper relation the necessary requirements and special exigencies 
each line, economize much possible. 


Moreover, the passengers ordinarily change cars the junction 


*Compte rendu sommaire du congrés international des chemins de fer, Paris, 1889, 
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stations branch railroads even the same gauge; and all cars not 
fully loaded, well express and parcel goods, are unloaded anyway, 
avoid the payment the high rent charged for the use strange 
cars. The change cars and the reloading freight cannot therefore 
regarded unqualified disadvantages the difference gauge, 
the reloading causes maximum outlay centimes per ton, 
according the nature the freight, which certainly less the 
usual car-rent paid the connecting road. Generally, the cost re- 
loading fully loaded cars has estimated 200 300 francs per kilo- 
meter for road km. long, sum far outweighed the savings. 
construction and operation narrow-gauge roads. evident 
that the necessity reloading goods cannot form essential obstacle 
their development and earning capacity. 

Some engineers regard technical disadvantage narrow-gauge 
roads the supposed impossibility using stable engines and cars 
account the narrow basis; engines and cars are further said oscil- 
late more, influencing the wheel pressures unfavorably, which would 
become objectionable very soon rapid and prosperous development 
railroad system; the small radii finally hinder increase 
speed. 

The experiences narrow-gauge roads prove, however, that the 
construction rolling stock has already been developed that those 
objections must considered not existing, which may also in- 
ferred from the three tables, the principal dimensions 
motives, passenger and freight cars different narrow-gauge roads, 
the efficiency locomotives, the dead weights cars and their loading 
capacity. Investigations show that, even with the narrower gauges, the 
center gravity lies very much lower, account the smaller 
wheel diameter, than with broader gauge cars; the Décauville cars, 
0.60-m. gauge, for example, lies only 0.39 above the rails. The 
oscillations narrow-gauge cars, running the low speed about 
km. per hour, are very insignificant any case. The train resistance 
curves may essentially reduced suitable selection the 
wheel-base and the use movable axles trucks and further 
running short and light trains; is, therefore, less injurious and 
dangerous than with standard gauge. 

The question the most suitable gauge for certain volume 
traffic, considering cost construction and earning capacity, has long 
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engineers and capitalists. The opinion gaining more and 
more ground that standard-gauge roads are too large and expensive 
for limited traffic, and that narrow-gauge roads have proved quicker, 
better adapted and more satisfactory means communication than 
standard-gauge secondary roads, which are shaped after the large rail- 
roads their whole mode construction, operation and administra- 
tion. 


Resolutions the International Railroad Congress, 
first International Railroad Congress adopted, 1885, the following 
resolutions the above issue 


and vicinal railroads are considered feeders 
exclusively, and shall constructed not deviate from their 
purpose. 

2d. railroads are connect with the neighboring trunk 
lines they shall received favorably the administration State 
and private railways, and shall find co-operation regarding 

The arrangement and distribution expenses joint 
depots; 

The handling incoming and outgoing freight; 

The raising capital for first construction under the 
most favorable conditions 

The arrangement for transportation construction ma- 
terial 

The repairs rolling stock. 

3d. railroads shall built already existing highways, 
wherever circumstances permit. 

Congress expresses the wish that the States, provinces and 
counties accord the enterprises every relief compatible with wagon 
traffic concerning the utilization the roads for track laying and depot 
construction well regards operation. 

4th. Congress recommends the adoption narrow gauge for 
secondary roads, this will result savings construction and 
operation unattainable with standard gauge. desires, further, that 
certain types narrow gauge, for example, 0.75 m., intro- 
duced universally, the exclusion intermediate gauges finally, 
that adjoining railroads the same section the country, which may 
enter mutual traffic relations, same standards gauge, draw 
and buffer appliances. 

5th. Congress gives its opinion, that the necessity re- 
loading cannot considered obstacle the development 
narrow-gauge roads. 

6th. Congress desires the greatest elasticity the tariffs 


*Compte rendu général du congrés de chemin de fer. Lruxelles, 1886, 
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vicinal roads, according the special conditions each separate line, 
and wishes that the Governments fix their maximum tariffs consider- 
ably higher than those large railroads, and afford the incorpora- 
tors more freedom the use the tariffs well the greatest pos- 
sible easements the specifications for construction and operation.” 


The Second International Congress, Milan 1887, has rati- 
fied the above 

the International Railway Congress St. Petersburg, August, 
1892, the following question, XXXIV, was opened for discussion 


the most favorable gauge for economic railways 
(des chemins fer économiques) the different cases (1.44, 0.75 
0.60 


are the circumstances and considerations giving preference 


there sufficient experience this question 

Radice, Technical Director the Tessin Railway, acted 
referee. his printed report are annexed the reports Fromm, 
Managing Director the Dortmund tramcar lines, and Backer, 
General Director the Economic Railway Company Brussels, 
made, respectively, the fifth and sixth general meetings 1890 and 
1891, together with the discussions held these meetings. The 
latter will considered separately. 

The first part the question, the most favorable gauge for eco- 
nomic railways, created lively debate. Several members declared 
themselves against the 0.6-m. gauge, because, their opinion, did 
not permit the equipment the cars with the convenience desirable 
for travelers, and because trains could run lowspeed only. With 
gauge, railroads use speeds per hour, inadmis- 
sible with narrow gauge. 

Others, however, were the opinion that speed not exces- 
sively important tactor most cases, and that, some countries 
gauge has been adopted for extended lines, such roads cease 
secondary roads they will then managed, operated and main- 
tained like large railroads. Gauges less than suffice fully for 
short lines. They claim that the gauge not only function the 
speed, but much more the first cost and the maintenance nature 
and importance the traffic must further considered. Experience 


Conclusions congrés international des chemins fer. Milan, 1887. 


Question Largeur vole des chemins fer économiques. Bruxelles, 
1892, 
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teaches, moreover, that even narrow-gauge roads are able handle 
very considerable and brisk traffic. 
The following resolution was finally agreed upon 


important for the evolution secondary roads that the 
greatest liberty left the selection the gauge. Each may 
solved from case case, inasmuch the special demands local- 
ity, the nature and the extent the expected traffic have taken 
into account order justify more less expensive 
But just important that some defined standards adhered to, 
which have already found asuccessful use practice. The four types 
1.44, 0.75 and 0.60 are the only recommendable ones.” 

Resolutions the international Permanent Tramcar Society, 1890-92. 
the fifth general meeting the International Permanent Tramcar 
Society, held Amsterdam, the following resolutions were adopted 
the question: 

What your opinion and what personal experience you pos- 
sess concerning the most suitable gauge for steam tramcars, 

(a) Standard gauge 
Medium gauge (about m.) 
Narrow gauge (about 0.75 m.) 

Narrow gauge chosen for steam tramcar roads, except 
some cases, especially where short lines connect with standard- 
gauge roads and have handle large and bulky 

II. Concerning selection between the different narrow gauges, 
appears that they not offer advantages disadvantages sufficient 
entitle one the other preference. Experience shows that one and 
the other have been used almost simultaneously, and that both have 
given good predilection seems, however, grow for the 

the sixth general meeting, August, 1891, Hamburg, con- 
clusion was arrived at, after very heated discussion, the question 

What are, your opinion, according your experience, after 
the adoption narrow gauge for railroad, the relative advantages 


disadvantages the three most commonly used narrow 
0.75, 0.6 


was resolved put this question egain the programme the 
next general meeting. 
For the seventh general meeting, which was held Buda-Pesth 


* Z. f. Ewenb. u. Damptechifffahrt, No. 38, 1892. 

Conclusions renseignements divers congrés international des chemins fer, 
Bruxelles, 1892. 

Prot. Gen. Vers, Intern. permanenten Ver. Briissel, 1890. 
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September, 1892, the writer was chosen referee the above ques- 
tion, but the meeting did not take place for sanitary reasons. The 
author’s comprehensive printed report the subject comes this 
final conclusion 


gauge fixed separately for each case after mature 
deliberation, the strength accurate investigations the present 
and expected demands traffic and under full consideration all 
local conditions and the financial and other means hand. 

Proper regard further had for economical construction 
and simple and cheap system operation, order insure suit- 
able percentage interest for the expended capital.” 


Principles for Construction and Equipment Local Railroads Within 
the Sphere the German Railway Union.—It must not left unmen- 
tioned that the German Railway Union, establishing principles for 
the construction and operation local railroads, has the 
0.75-m. gauge for narrow-gauge roads according the resolutions 
Constanz, June, 1876; Salzburg, July, 1886; and the Berlin 
Engineers’ meeting, May, 1890; has consequently abandoned 
uniform well the 0.6-m. gauge. 

The code rules for German railways inferior importance, July 
12th, 1878, fixes also the gauge for narrow-gauge roads 
0.75 are admissible with authorization the Govern- 
ment and with concurrence the Railway Department. 

Specifications for Railroads” Prussia, for which Gauges 
0.60, 0.75 and are above ordinances have, 
however, been modified the new Prussian law, July 28th, 1892, 
and Private Connecting Railroads (Tertiary Railroads),” and the 
specifications the Secretary the Department Public Works, 
November 18th, 1892, appended the law, exact that, the interest 
the defence the country, the ensuing regulations will enforced 
all railroads operated engines: 

(a) Besides standard gauge, only 0.60, 0.75 and 
gauges are permitted. 

Where ties are used, the minimum weight rails must 
9.5 kg. per meter 

(c) For the 0.6-m. gauge the smallest radius 

The inside clearance rails switches, crossings, cross- 


overs, etc., must not less than (Regulations and 
not hold good for roads.) 


Ver. 1892. 
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(a) For roads with 0.6-m. gauge, locomotives and cars must 
able pass 30-m. curves without trouble. 

Wheels are have one flange only. 

(c) The rolling stock railroads with 0.6-m. gauge must 
equipped with central buffers, 0.30 0.34 above top rails. 
The loading capacity cars, given kilograms, must 
multiple 500. 

Depors. 

Where railroads with small gauge join such with larger gauge and 
passage cars impossible, suitable arrangements for the transfer 
goods are made. Where existing line being extended, 
the maintaining gauge and weight rail may permitted, even 
neither should conform Regulations and 


Introduction the 0.6-m. Gauge All New Small Railroads” Meck- 
lenburgh.—The Diet Mecklenburgh has ordered the introduction 
uniform gauge onall new the discus- 
sions, the fact was referred that this the standard gauge for the 
Prussian military administration, especially fortress railroads; 
was further stated, that influential French circles had emphasized the 
necessity first considering the defence the country building 
railroads,” and that, France possesses great number 
0.6-m. gauge roads, the result the French deliberations has been 
establish the principle use 0.6 only, and take standard gauge 
once larger gauge should become necessary. 

The Friedland Railroad road from 
Friedland Vorpommern given eminent satisfaction, and their 
operation entirely safe for passenger well for freight traffic. 
The danger tilting the cars, which are built the truck 
system, does not exist. The 0.6-m. gauge further unobjectionable 
regards speed. the Friedland road this limited km. 
per hour; but similar ‘‘small” road Sweden, near Kosta, which 
has been operation for seven eight years, runs trains hourly 
speed km. with authorization the 

Final Conclusions.—In summarizing the investigations, experiences 
and conclusions railway gauge, find that standard gauge has 
been adopted the European States for trunk lines, with the excep- 
tion Russia, Spain, Portugal and Ireland, which use broader 


+Z. a. Vereins deutscher Eisenbahnverw., No. 98, Dez., 1892. 
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gauge addition standard, and Greece, which uses narrower 
gauge; the other countries, broad, standard and narrow gauge exist, 
and either the one the other exclusive prevailing use, or, 
generally, all three systems find use. The fact deserves attention, 
that the younger, principally the transoceanic countries, narrow 
gauge has, from economic reasons, been also taken for main lines; 
these cases gauge has preferably been chosen. 

For secondary (local and vicinal) railroads, well for all roads 
inferior importance which subserve limited interests and accommo- 
date principally local traffic, standard and great variety narrow 
gauges have been adopted. The latter have been chosen just ap- 
preciation their economic advantages construction and operation, 
and spite prejudices propagated from different quarters, fre- 
quently even engineers, and systematically conducted opposi- 
tion against the narrow gauge. Their great advantages, especially 
from the standpoint economy and earning capacity, are, however, 
indisputable, though must admitted that, due few minor 
disadvantages narrow gauge, standard gauge may become desirable 
for secondary roads; for instance, where existing standard gauge roads 
are connected extended, where the country perfectly level 
and right way unexpensive, where, utilizing broad and level 
highways, any acquirement real estate avoidable. 

Generally, the narrow gauge may regarded the most rational 
solution the question simple and cheap construction and opera- 
tion secondary roads, even for not inconsiderable 

Likewise, narrow gauge also recommended for main lines 
countries with presumably moderate traffic, and where the finan- 
cial status necessitates the greatest possible economy, that the 
vested capital may pay good interest quickly possible. 

remains now only select suitable gauge for narrow-gauge 
roads. The writer thinks that only the three gauges 
which have found the most extended use far, should taken 
into consideration; but also believes very dangerous recom- 
mend the exclusive use one two gauges, prohibit the intro- 
duction The selection the gauges is, therefore, after 
careful commercial and technical investigations, made dependent 
the demands the present and expected traffic, its nature and 
the local exigencies, and finally the financial and other means 
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hand the presumable earning capacity the investment has 
fully considered. The gauge must determined each separate 
case after mature deliberation all existing circumstances. 

must further acknowledged that narrow-gauge roads, even with 
0.6-m. gauge, can accommodate large traffic, and that they always 
require smaller outlay. finally apparent that, secondary 
railroads are continue successful development, they must enjoy 
full liberty regarding construction, operation and administration, and 
must built, organized and managed standards different from those 
main lines. 
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RAILWAY SIGNALING. 
Betriebs-Director Imperial Railways Metz, Germany. 


Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


Although the question railroad signaling between the system 
time intervals and that space intervals has been universally decided 
favor the latter, yet there are still some very important matters 
regarding signaling which, account fundamental differences, 
may worthy detailed discussion. The first point relates 
the use colors for night signals. 

According general usage, red means danger, ‘‘stop”; green 
means caution, slowly,” and white means clear.” The dis- 
advantages white light, however, have induced many companies 
abandon its use fixed signals, replacing with green safety 
signal. This system has the advantage that case accident 
breakage colored screen glass, white light appears, which 
considered danger signal; whereas, white safety signal, the 
breakage red glass lantern may result signal. This 
can occur, for example, the case the the German 


Nore.—Discussions on all papers presented to the Internatioval Engineering Congress 
will published simultaneously the number for December, 1893, 
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signal system, and those the American block systems Hall, and 
the Union Switch and Signal-Company. 

This diversity practice therefore accompanied also some 
further differences, for while the English distant signal acts 
imperative signal stop, the distant signals just named simply 
indicate the position the following home signal. 

There further substantial difference between the German prac- 
tice operating signals one mast and the practice other coun- 
tries. the latter there are just many semaphores lanterns 
above one another there are branches from one approaching track, 
all these their normal danger position being visible and showing 
red light night, while the German system the upper arm 
visible and shows red light night. Where appears necessary 
control the movement trains branch signals the same 
mast with other signals, the mast provided with two three sema- 
phores and the same number lanterns, one above another. The 
lower semaphores and lanterns only give safety signals 
case signal proceed the main line, the lower arms are vertical 
and the lanterns are invisible. this arrangement the locomotive 
engineer never passes red signal; but has the disadvantage that 
all clear signal gives information which track clear. The 
number semaphores is, moreover, limited greater 
number required, they must placed upon more than one mast. 
This limitation does not exist outside Germany one mast, espe- 
cially atlarge terminal stations, often carries four more semaphores, 
which give very clear idea, not only the number diverging 
tracks, but also regard their directions. 

Finally, marked difference exists the operation signals at. 
stations. 

England and America the different portions station and yard 
are independent sections, protected all directions signals, and 
which the intermediate station tracks bear the same relation that the 
tracks the main line bear the adjacent block stations. 

Germany, the contrary, the entire station considered 
whole. The entire operation signals and movement trains the 
station made dependent upon one officer, who also, rule, has 
charge the dispatching trains. 
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order secure the dependence the operators the towers 
upon the orders the managing officers the station, there are 
special block appliances, which are operated from suitable office 
the station building. 


Part GENERAL. 
Introduction. 
Signal systems. 
System time interval system station space interval. 
Signals themselves. 
semaphores colors for signals reflecting signals. 
Apparatus for operating signals. 

wires; wheels; Austrian distant signals; Hipp’s 
signal Dumont and Postel-Vinay Hall’s signal Currie 
and Timmins; Union Switch and Signal Company; Ameri- 
can Pneumatic Company Bianchi and Servettaz. 

Fog signals. 

Torpedoes bells alarms fog horn; apparatus acting 
the engine. 

Control tell-tale apparatus. 

Duplicate signals; ringing signal repeaters 
galvanoscope control illumination signals. 


GENERAL. 


Introduction.—When remembered what important and indis- 
pensable factor signaling the operation railroads to-day, that 
engineers are constantly striving perfect every direction, that 
every force nature utilized and every new discovery once ap- 
plied, can scarcely realized that the first railroads England 
were operated without signals. Yet such was the case. The first rail- 
roads, however, were about the same plane the horse railroads 
to-day. Moreover, they were operated only during the day and 
erally with but one engine, and the speed was not over miles per 
hour (16-17 km.) 

Further, the Manchester and Liverpool Railway, which was opened 
September 15th, 1830, had engines without they, therefore, 
lacked even the signal which von Weber his book, Rail- 
road Telegraphy and Signaling” (which although old still reada- 
ble), says that seems now the very voice the railroad system, 
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whose tones show its whole character, and which the soft tones 
the post horn compare the poetry travel early times compares 
with the restless travel to-day. 

accident led George Stephenson conclude that his engine 
could make miles per hour, but that order exceed this speed 
track must provided. This led Stephenson introduce 
special signal system, which made use principally colored 
discs tall poles, which were held turned special watchmen. 
When, 1836, was found practicable run night, colored lan- 
terns were fastened the poles, which were used the same way 
the colored discs the daytime. The trackmen were provided with 
red green cloth flags, with which they could signal train stop 
run slowly where they considered necessary. 

Railroad signaling, not only England, but other countries, 
was developed from this idea Stephenson’s. would carry 
too far, and exceed the limits this paper, follow all the changes 
the development signaling the present day. The writer will, 
therefore, confine himself the following pages giving idea 
the present condition signalling the various civilized countries. 

Systems Signaling.—In general, signal systems may divided 
into two almost diametrically opposed classes. 

The first and original system that with time interval. pre- 
vents the too close approach trains running the same direction 
providing that they shall follow each other only after stated inter- 
vals time, and that the following train shall signaled proceed 
slowly stop, unless the prescribed time interval has elapsed since 
the passage the previous train. The time interval varies with the 
speed the trains. This system was soon proved unsafe the 
occurrence several bad accidents arising from the fact that the 
signal men were not always reliable, that they could not always give 
the signal therighttime. The introduction electricity, moreover, 
made possible abandon the system time interval, and substi- 
tute that space interval between trains, independent their speed. 

The fundamental principles these systems, both which are 
still use, may thus summarized: 

shown. visible signal does not mean ‘‘stop,” but allows train 
proceed with caution. 
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The block system, far introduced, not absolute block, 
since allows more than one train engine the same section 
and the same track the same time. 

Space Interval System.—The track normally blocked; the visible 
danger signal changed visible safety signal when the track 
clear. 

The block system absolute one, ¢., only one train engine 
allowed the same section and the same track the same time. 

Signals Themselves.—Signals are either audible visible signals. 
The latter differ color and form. 

The investigations the brothers Chappe, the inventors optical 
telegraphy, are the greatest importance for the science railroad 
signaling. Unfortunately, their results not appear suffi- 
ciently known railroad men, since they have been frequently disre- 
garded. One the most important results that the color any 
body may disappear under certain conditions illumination, that 
only the form and not the color can serve for reliable signal. 

For day signals, color was therefore very soon abandoned giving 
any particular meaning, and now used principally means 
simply increasing the visibility. complete disc transverse the 
track and turned towards approaching train generally means 
while parallel the track, presenting its edge 
good invisible, rotating about vertical horizontal axis 
appears the best signal for the time interval system. The signal 
proceed with caution cannot given with the disc. 

The experiments the brothers Chappe showed further that 
narrow and long surface could seen farther than the same area 
the form circle square; and that average conditions the 
atmosphere and cloudy days, body ft. long and ft. wide, pro- 
jected against the horizon, could seen the naked eye dis- 
tance miles (10 km.). The form signal chosen the brothers 
Chappe, result their experiments, and which they called 
aphore,” consisted arm hinged one end which was attached 
mast. This has proved most excellent signal for railroads. 
not only more plainly visible than disc, but addition the ver- 
tical position, meaning and the horizontal position, mean- 
ing danger,” intermediate position 45° may mean caution.” 
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While these signals were soon adopted all roads day signals, 
necessary come some agreement regarding the meaning 
colors for night signals. This was the more important because 
England frequently one railway was used trains and engines 
other railways, and was therefore important that the same color 
should always mean the same thing. 

February, 1841, there was held Birmingham congress 
English railway men, which uniform rules for signaling were adopted, 
especially with regard the meaning colors. was decided that 
red should mean ‘‘danger,” green caution,” and white ‘‘safety.” 

view the fact that the instant danger colored objects 
were not always hand, any object light swung violently was 
mean ‘‘stop.” 

These rules simple and practical that they were accepted 
throughout the world, and are still general use, although with the 
added idea that red means and green proceed slowly.” The 
Birmingham convention fixed therefore the basis our modern signal 
code. 

The choice colors, however, was limited. The experiments 
Chappe showed that the visibility white light taken one, 
that red light equal intensity one-third, green light one- 
fifth and blue light one-seventh. 

choosing three colors for signals, therefore, white, red and green 
are the best, account their greater visibility. Against blue may 
also objected that under artificial illumination may appear green. 
Since the danger signal the most important all, might appear 
advisable choose for the color possessing the greatest visibility; 
but white lights are frequent, especially near cities, that can 
considered asignal. For the danger signal, therefore, 
the color was chosen which was next white visibility, namely, 
red, while green was taken for caution,” leaving white for 

The properties white light, however, are likely exercise dis- 
turbing influence many respects. the first place, account 
its greater visibility, able partially wholly obscure neighbor- 
ing colored lights, circumstance which may have serious results 
railroad operation. Moreover, the safety signal must frequently 
changed into the danger cautionary signal, which generally done 
moving red green glass front the white light. Movable 
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glass blades screens, especially exposed the weather, are easily 
broken, and should this occur, might happen that when signal was 
set danger might still show white light, approaching train 
would get false signal and accident might result. Even though 
should very seldom that signal screens were broken without 
being noticed the operator the trackmen, nevertheless seems 
undesirable arrange signals such way that red green might 
accident changed white. 

When, therefore, England, the block system was introduced, 
which when section occupied the entrance another train for- 
bidden, and when free, another train allowed enter with un- 
diminished speed, the cautionary signal was discarded. This opportunity 
was once seized discard white color signal; and the danger 
signal now red, while the safety signal generally green. Under 
this system, white light shown any signal, the engineer 
consider this danger signal and proceed accordingly, thus obvia- 
ting all danger misunderstanding. Since, therefore, only two ideas 
were expressed signals, the case semaphores the vertical 
position (which really signal all) could also discarded, and 
danger expressed the horizontal position, while safety was expressed 
the inclined position. Thus the day well the night signals 
gave definite expression the two ideas, and the semaphore became 
the most suitable signal for the space interval system. 

Where white light has been abandoned signal, some slight con- 
fusion ideas has, true, resulted from the fact that, while green 
the safety signal fixed signals, has remained the cautionary 
signal the case hand signals temporary signals where track 
repairs render them necessary. This disadvantage, however, consider- 
ing the ease distinguishing the two cases, may considered 
only theoretical and importance comparison with the practical 
advantages point safety, resulting from abandoning white light 
signal permanent signals. 

white light used, advisable let shine through open- 
called 

The experiment has repeatedly been made provide signal which 


should have the same appearance night the daytime. The 
simple illumination the day signal, even with the electric light, has 
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proved insufficient, and specially formed signals capable power- 
fully reflecting the light have been found necessary. For example, 
the Eastern Railroad France had its junction points signals whose 
arms were illuminated night white light from lanterns placed 
front them; the flat surface the arm was covered with small 
mirrors arranged such way that they each reflected the light from 
the lantern parallel the track, that the signal presented the same 
appearance night day the engineer approaching 
train. Also some the signals prescribed the new French signal 
rules have arms covered with small reflecting strips illuminated 
night with white light. 

the Railroad Gazette for 1888, page 201, signal described, con- 
structed the Union Switch and Signal Company after designs 
Spicer and Schreuder, consisting concave arm whose back surface 
was slightly concave mirror with lamp situated the axis and 
which the light through glass plate forming the front the 
arm. the same volume the Railroad Gazetie, page 684, Koyl’s 
semaphore described, which consists portion paraboloid 
revolution whose vertex the mast, while the flame the lantern 
the focus. This said clearly visible, night and under 
ordinary atmospheric conditions, distance mile, form, 
position and color. used the Lehigh Valley Railroad, and 
said work well. 

Apparatus for Operating Signals.—The direct setting signal 
hand seldom possible, hence, transmit the movement, either rigid 
rods wires are used, else electricity, compressed air hydraulic 
pressure. 

The fundamental principal observed that safety signal 
shall once automatically danger case any failure 
accident the mechanism for transmission. follows that every 
signal must placed positive action the safety position, and 
must its own weight attached counterweight the 
danger position. 

Rigid rods, ins. diameter, supported rollers every 
ft., are simple and not more expensive than wires distances 
550 ft. 

The effect temperature upon the length the rods very 
simply provided for inserting equal armed levers, dividing the en- 
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tire length into two more parts, that the length rod exposed 
tension equals that exposed compression. the case short 
rods incomplete compensation, the throwing mechanism given 
greater travel than necessary throw the switch signal, that 
part the travel before and after the apparatus thrown without 
effect the position the switch signal. 

most frequent use are wires wire ropes, from in. di- 
ameter, either single double. 

single wire quite sufficient for setting signal safety, but 
has the disadvantage that person desiring tamper with the signal 
may pull the wire raise the counterweight, and thus give false 
safety signal. fact, several accidents Germany have been traced 
this cause, that has become the general practice use 
double wires, with which tampering with the signals impossible. 

Long wires are open the objection that they may become more 
less inoperative, even give wrong dangerous signal account 
changes length due temperature. wire half mile long 
changes its length about ins. the temperature changes 36° 
Fahr., and this almost equal the travel necessary reverse 
signal. With long wires compensation apparatus therefore neces- 
sary obviate the effect change temperature. Simple screw 
connections (turn buckles) inserted the line wire are not sufficient, 
since they would require continual attention and adjustment. has 
been necessary, therefore, resort automatic devices. the 
French roads, where single wires are principally used, very simple 
and practical method employed. consists essentially letting the 
end the wire farthest from the signal pass roller, keeping 
uniform tension weight; throw the signal, the movement the 
lever clamps and carries along the wire, which released when the 
lever reversed. 

Double wires, generally used Germany, need, certain 
limit, means compensation. The wire given initial average 
stress, after which the stress changes with the temperature, the length 
remaining the same. This perfectly practicable length 
quarter ofa mile. For greater lengths compensating device em- 
ployed, which the essential idea have both wires strained 
equally equal weights hung upon them the middle one end 
the line, arranged thaf change the stress either wire 
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pulling releasing automatically clamps the weights and allows the 
signal operated. 

support and guide the wires, guide wheels are placed distances 
ft. apart, fastened small posts. straight lines the 
wheels are vertical; curves they are more less inclined, order 
that the wire may not leave the groove. Recently the wheels have 
been fastened the posts, hinged such way free auto- 
matically assume the proper inclination curves. 

Electrical Throwing Apparatus.—On the roads 
fundamental principle use electricity only release catch 

throwing mechanism, the moving the signal being effected 
this mechanism, which actuated weight. 

Almost all the signals used the roads Austria-Hungary are 
constructed accordance with this principle, from the first ones sent 
the Paris Exhibition 1867, Leopolden, those exhibited 
Langié the Paris Exhibition 1878, and those shown Vienna 
1883 Pollitzer and Sandorf. The release effected batteries 
induction currents. 

the Swiss roads, distant disc signal, made Hipp, fre- 
quently used, which, however, requires separate conductor for each 
the two positions the signal. The development electrically op- 
erated distant signals Switzerland and Austria has, however, been 
arrested the last few years the fact that these countries the 
safety appliances used for the protection large stations have steadily 
increased, and for these prescribed that wires shall used for 
setting the distant signals. 

For operating the disc signals the Eastern Railroad France, 
Dumont and Postel-Vinay have used apparatus which the releas- 
ing and the arresting the mechanism done electrically. The 
mechanism itself similar Siemens and Halske’s single wheel 
spindle alarm apparatus. The operation the signal effected 
breaking closing the current through electro-magnet such 
manner that the signal clear long the current closed, but 
goes once danger when broken. 

signal the electric current serving the signal brings into 
action, not mechanism, but the electro-magnet powerful local 
battery. The apparatus works with closed circuit. The signal 

given disc red silk within water-tight casing signal 
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pole. The case has circular opening each side facing approach- 
ing receding train. The disc held the all clear position 
electro-magnet, through which permanent current passes. 
this current broken the red disc released and becomes visible 
the opening. the daytime the disc illuminated the daylight 
from behind it; night lantern placed behind it. Recently, ac- 
cording statements Messrs. Biite and von Borries, this signal 
said have been made the form blade, and the colorless 
glass behind replaced pane ground glass. The signal then 
has the same appearance day and night. When used distant 
signal, green silk used instead red. 

Hall’s signal extensively used American roads, and highly 
spoken of. quite number electrically operated signals used 
America, open circuits well alternating induction currents are 
used. They have the peculiarity that the signal arm rotates about 
axis close its center gravity. 

Noticeable also the semaphore signal Currie Timmins, 
London (shown the Paris Exhibition 1889), which, also, the 
signal set electricity. Specially constructed tubular electro- 
magnets are used, which attract the armature distance ins, 
with approximately uniform force. night the signals are given 
incandescent lamps, and for this purpose the semaphore has contact 
which, according the position the arm, sends current the 
red the green lamp. The bulbs are colored. 

The Union Switch and Signal Company, Pittsburg, has developed 
system, devised Westinghouse, which compressed air used 
operate the signals. The semaphore normally horizontal, and 
held this position counterweight. foot the mast 
compressed air, and the mast cylinder whose 
piston connected with the signal arm. When compressed air let 
into the cylinder, its piston forced down, and carries the signal 
the safety position. This operation effected electro-magnet, 
whose armature opens valve which connected. When the 
current broken, spring closes the valve and allows the compressed 
air leave the cylinder, and the counterweight then carries the 


signal the danger position. Any failure the current brings the 
signal danger. 
The American Pneumatic Company, Boston, has introduced 
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automatic system for block and other signals, which current air 
serves transmit the motion. The signal moved train 
mechanism which operated the movement track lever. The 
release the mechanism effected bellows, which set operation 
the pressure the first wheel the engine. The air contained 
the bellows forced through lead pipe diameter, with 
velocity 600 ft. per second, reservoir the foot the signal 
mast, which closed diaphragm. With this diaphragm 
connected the release signal generally con- 
nected with two pair bellows, which one brings the signal 
safety, the other danger. 

the arrangement just described, not alone signals, but other 
signal apparatus, can operated, such screens, alarms, and even 
crossing gates. the pipe from one bellows connections can 
made, provided they are all operated certain direction 
the same moment. 

Recently the Italians Bianchi and Servettaz have made successful 
attempts use water, though inelastic, transmit the motion for set- 
ting switches and signals. prevent freezing mixed with 
glycerine. The water stored accumulator under pressure 
two simple cylinders having the same piston. For operating signal 
one cylinder sufficient, the hydraulic pressure giving the safety 
signal, while the signal carried danger weight when the 
pressure removed case pipe breaks. 

Fog Signals—The worst enemy safe railroad operation fog, 
which not only prevents the engineer from seeing the track ahead, but 
also obscures danger signals. Various means have been tried remedy 
this evil. 

Thus far the most successful are torpedoes, which for safety two 
are placed upon the rail suitable distance front danger 
signal, and which must removed when the signal goes safety. 
Torpedoes are used signify once.” 

The repeated putting and taking off torpedoes rather 
troublesome done special watchmen. The danger mistake 
and the danger walking the track fog have led several roads 
have recourse special devices which the torpedoes are placed 
upon and removed from the rails mechanical apparatus interlocked 
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with the signals. But even these devices are open the objection 
that they require personal attention order replace once every 
exploded torpedo with afresh one. The attempt has therefore been 
made even this automatically, within certain limits, and also 
remove the uncertainty attending the blow struck the rolling 
wheels. accomplish the last result special striking apparatus 
introduced between wheel and torpedo, the revolver torpedo 
Scholkmann and the torpedo signal used the New York elevated 
roads turnouts and crossings. the first named, pair torpe- 
does are placed drum, thus serving for quite series signals 
the latter the torpedoes are replaced automatically from supply 
chamber. 

Another kind fog signal consists connecting the distant signal 
with bell having one two hammers, which rings when the signal 
danger. The motion the hammers derived from track lever 
which alternately depressed each wheel the train and raised 
aspring. When the signal safety, the lever depressed 
not touched the wheels. 

the Government roads Alsace-Lorraine the signal disc 
distant signal replaced shallow bell against which the hammers 
strike when the signal danger. The bell horizontal when the 
signal safety. 

other roads alarms are use like those alarm clocks. They 
consist essentially clockwork actuated weight, which 
released means lever close the rail. bell struck 
rapidly hammer, and rings until after one revolution one the 
gear wheels automatically stopped. 

The firm Max Jiidel Company, Brunswick, has recently pro- 
posed improve distant signals the addition fog horn, which 
the rail. remarkable fact that the fog horn more effective 
when the sound follows the train than when the horn blown front 
the train. 


Other devices are those intended operate directly upon the loco- 
motive whistle upon the train brakes. these devices, how- 
ever, require, addition appliance between the rails which 
raised lowered according the visible signal danger 
safety, mechanism the locomotive, which, when the distant 
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signal danger, comes contact with the raised bars between the 
rails, and blows the whistle sets the brakes. The necessity 
applying such apparatus every locomotive which runs over the road 
limits the general application this kind device. 

Tell-Tale Apparatus.—It the greatest importance that the man 
operating signal shall assured that the signal has actually taken 
the desired position. This easily attained the daytime when the 
signals are nearby. ordertoinform him with certainty night, the 
lamp allowed shine backwards well forwards, with different 
colors, according the position excluding, however, the 
signal colors red and green. 


When the signal farther away, when invisible the 
operator account intervening obstacles, special devices are neces- 
sary which, partly mechanically and partly electrically, inform the 
operator station agent the position the distant signal. The 
mechanical devices consist duplicate signals, which follow the mo- 
tions the principal signals, but are set view the operator. 
course time these have been discarded too unwieldy, and 


present electrical apparatus principally employed. 

The simplest, yet absolutely reliable, device the bell generally 
used the French roads, called These bells stop 
automatically they ring only when electric current passes through 
the tell-tale circuit. When the distant signal normally safety, the 
current broken, and only closed when the signal goes danger. 
long the bell rings the operator sure that the signal danger. 

Similar tell-tale bells are used the Austrian roads. 

For signals which stand normally danger, these bells are not 
suitable, since they cannot rung continuously; while the circuits 
are changed that they only ring when the signal safety their 
silence would afford security that the signal really was danger. 
Moreover, they ring almost without interruption they are often un- 
endurable. Gattinger has therefore constructed automatic cur- 
rent breaker which means swinging disc pendulum only 
closes the current, say, every second. 

England visible tell-tales are universally used which not only 
indicate the position the signals, but also show the operator 


actual view the signal itself, and are therefore called re- 
peaters.” 
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excellent tell-tale the galvanoscope, properly arranged 
this, however, all electrical tell-tales, one position the signal 
should not indicated interruption the current, since the 
same effect might produced break the cireuit. the other 
hand, there ought current the circuit, both when the signal 
danger and when safety, while third position shows 
break the current some accident the circuit. 

also the greatest importance that night the signal lanterns 
really lighted. most cases this assured simply letting the 
lanterns throw their light backwards well forwards. The 
position the signal, however, may render this simple means impos- 
sible. such cases, electrical control apparatus made use of. This 
consists contact apparatus which the making breaking the 
current effected the change length metal strips, due the 
burning extinguishing the lamp. The contact apparatus must 
very delicate order indicate after few seconds the extinction 

the lamp. the operator’s room there indicator consisting 
galvanoscope which, when the current broken, shows behind the 
little window the case colored dise with notice such 
out.” Sometimes, also, alarms are inserted the circuit, which ring 
when the lamp goes out. 


_ 


English signal system. 
Distant signal; home signal; station signals. 
Belgian signal system. 
Distant signal. 
French signal system. 
Circular protection signal; square signal discs; junc- 
tion signals; facing switch signals. 
German signal system. 
Continuous line signals; distant signals; home signals; mast 
signals. 


Position signals. 


Distant signals; local home signals; station signals. 
English Signal System.—In foggy England, where order 
avoid highway grade crossings the railways lie frequently deep 
cuts, and have many curves, was soon found that, order surely 
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prevent accident any point danger, was necessary place the 
corresponding signal considerable distance from this point. Thus 
arose the signal,” which characteristic the English 
signal system. its means head and rear collisions were guarded 
against, long curved cuts and tunnels that could not seen through 
were protected, and was also possible communicate definite in- 
formation instructions points long distance away, when 
station other portion the track was blocked, prevent too 
close approach trains each other. 

the congress Birmingham, already mentioned, was agreed 
that signals should normally stand danger. 


the distant signal danger presents approaching 
train day the full round dise the horizontal blade, and night 
red light. safety, the shows only its edge, the sema- 
locomotive runner sees his distant signal danger, must once 
shut off steam and apply the brakes, able stop the 
distant signal. then sees that the track clear, proceed 


slowly, covered the distant signal, always keeping his train under 
such control that able stop quickly any obstacle appears. 

train has run the distant signal, and near the point 
danger (the end section the case the block system, the 
switch the case junction the entrance station, grade 
crossing, then necessary give the engineer definite orders 
his future movements. For this purpose signal mast 
erected suitable point near the point danger, carrying blade 
distinguished from that the distant signal having square end 
while the distant signal blade has notched end. 

several tracks diverge from one main track, many blades 
are generally placed above one another the home signal mast 
there are tracks for approaching train. The rule that the blades 
from top bottom correspond the tracks from left right. 

night, the home signal shows the same color the distant 
signal. engineer allowed run home signal danger. 

Station signals are generally placed behind the home signals 
block, junction, other stations, and regulate the departure trains. 
They resemble the home signals completely form and meaning. 

Signal System.—On the Belgian roads the signal system 
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has been developed quite closely after the pattern The 
home signals are precisely the same, form and meaning; the distant 
signals, however, differ form considerably from the English. They 
are the form discs, distinguish them better from the home 
signals; and order that they may conform the principle giving 
definite signals for safety and danger, they show when danger 
elongated rectangular blade, night red light, and when safety 
they present square disc, green light. 

French Signal System.—The distant signal was adopted France 
its original form rotating disc, and this form has been preserved 
the present day. Indeed, France the country which the fewest 
experiments have been made signaling. The French roads are even 
to-day operated for the most part the system time interval, and 
this system has become such integral part the French railroad 
system that notwithstanding its defects, comparatively good results 
are attained with it. consequence, safety generally indicated 
the absence signals. 

addition the distant signal, the original English color code 
was adopted, sothat France red stands for danger, green for caution, 
and white for safety. 

Semaphores distant signals have been used only the Lyons 
road. 

When the French distant signal danger, shows circular 
red light. the safety position the parallel the 
track, and white light shown night. When engineer sees 
red light, must once reduce speed and proceed only 
such speed that able stop within the length track sight, 
should see any obstacle, another danger signal. any case the 
train must brought stop either before the first switch the 
first crossing railway highway, before the point for which the 
serves the signal, and can only proceed under further signals 
verbal instructions from the conductor the station master. 

each circular disc corresponds protection signal (disque 
protection), illuminated night, which shows the point beyond which 
the dise affords protection, except bad weather. If, therefore, 
train which has run disc signal stops before its rear has reached 


the protection signal, not considered sufficiently pro- 
tected the rear. 
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Besides these, square (home) signal discs are use the French 
roads, which are located close the points protected. When 
these show the full disc, night double red light, they command 
immediate stop. 

The normal position the distant signal safety, but stands 
danger, course, long the home signals danger. 

Junction points French roads are protected distant signals, 
which present the same appearance day night, namely, 
white letters green field the word (caution). such 
signals the engineer must prepare stop, should necessary, 
the square home signal for which the junction signal the preparatory 
distant signal. 

Finally, signals are erected front every facing switch (signal 
direction). These signals consist mast upon which are placed 
many arms, one above the other, there are diverging tracks. 
The arms, from top bottom order, refer the tracks order 
from left right. The arms are hinged their centers gravity, 
and can assume only two positions, viz., the horizontal, which stop 
for the track which refers, and the inclined position, which 
denotes that the switch set for the track question. night, the 
horizontal arms show violet light, the arms inclined obliquely down- 
ward show white light, green light the switch taken 
reduced speed. 

approaching junction facing switch provided with signals, 
the engineer must indicate the track desires take correspond- 
ing number long blasts the whistle, without regard the position 
the signal. 

German Signal System.—The lack political unity Germany 
the time when railroads were introduced affected many things un- 
favorably, and especially the signal system. von Weber, his 
time, counted some railway systems over different ideas 
given signals, for which more than 000 different forms signals 
were provided. voluntary association—the Germany Railway Asso- 
ciation—endeavored bring order out the chaos which existed 
the railway system, and succeeded well that even before the political 
union Germany its standards were generally recognized, and the asso- 
ciation itself comprised, not only all the railroads Germany, but also. 
roads Austria-Hungary, Luxemburg, Russia, Holland and Belgium. 
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The signal code for German railways adopted the Bundesrath, 
July 5th, 1892, into effect January 1st, 1893, contains signal 
ideas, for which forms signal are allowed. 

Characteristic the German and still more the Austrian signal 
systems are the continuous signals the approach train. The 
English roads, with their heavy traffic, and also the French roads, 
adopted the principle that the road must always condition 
train were expected. But Germany, consideration the 
many grade crossings, was thought desirable, before train left any 
station, notify the next station and all the line employees (gatemen, 
etc.) between the two stations. 

the English roads each section track protected distant 
signal which normally danger, and only placed safety 
allow the passage train, after which once returned the 
danger position. the French roads, the track normally clear, 
and protected danger signal whenever there anything 
prevent the passage train, such grade crossing which the 
gates are open, when shifting going upon the tracks 
station, ete. 

Germany, before the introduction electricity into railroad 
operation, masts with semaphores (or other signals) were erected 
along the line that they could seen from one another, and the signal 
the departure train from station was given from mast mast 
the following station. The semaphore, inclining obliquely upward, 
the same time indicated the engineer that his train was expected. 
the location the signals was generally chosen crossings and 
other more less dangerous points, this system afforded great safety, 
but required, the other hand, great many employees. 

The numerous interruptions which this system optical telegraphy 
was subject account fog and bad weather led the German 
railroad companies very soon adopt generally the apparatus used 
for electrical telegraphy—at first, dial apparatus, and very soon, the 
Morse apparatus. present, German railways there are few 
switchmen who are not familiar with the use the Morse apparatus, 
and even many the laborers are able receive and send dispatches. 

Since trains could then announced electrically from station 
station, signal masts along the line were abandoned, but place them 
electric apparatus was introduced which announced the approach 
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train the gate-tenders important highway crossings and 
other dangerous points, well trackmen. This apparatus the 
electric alarm Siemens and Halske. consists bell which can 
sounded electrically from more less distant point, such 
station gate-tender’s house. The signals are given either 
single stroke, certain combinations strokes, and the striking ap- 
paratus designed accordingly. Germany, the number bell 
signals given the apparatus is, therefore, almost 
always inserted open circuit, and generally operated magneto- 
electric apparatus, less frequently dynamo-electric apparatus. 


Austria, the contrary, every watchman’s cabin the line, not 


only simple bell signals are given, but other information 
communicated station and track employees, and the apparatus 
therefore almost always inserted closed circuit, order avoid 
the necessity providing every signal cabin with source current. 
thus possible insert Morse apparatus the line, which, how- 
ever, not impossible when induction apparatus used. The various 
bell signals, the case closed circuit, are given breaking the 
circuit, for which automatic devices are frequently used. 

Bell signals have recently been introduced the Northern Railway 
France, and the Paris-Lyons-Mediterranean Railway. After the 
introduction the electric bell signals, mast signals Germany, and 
discs Austria, were general only used distant signals for pro- 
tecting stations, switches and crossings. The upward inclined arm, 
the edge the disc, or, night, green light, meant all clear. 
The horizontal normal position the arm, the full or, 


night, red light, meant This resulted trains stopping often 
considerable distance away, without rear protection, and without 
knowledge the cause the stop. Moreover, case fog, 
bad weather, the engineer might not always able stop his train 
before reaching the signal, spite the penalty dismissal, that 
without backing would without signals for his further guid- 
ance. This difficulty has been remedied Germany, and first 
Prussia, placing the mandatory signal nearer the danger point, its 
position being indicated approaching train distant signal. 
The distant signals, which are generally connected automatically with 
the home signals, are round discs rotating about vertical horizon- 
tal axis, the green light showing when the home signal 
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danger, and only the edge white light when the signal 
clear.” Engineers may run distant signal danger, the train 
being under control that can stopped the home signal. 

Green light chosen for ‘‘danger” distant signals, because 
Germany the rule strictly adhered that the engineer shall under 
circumstances run Adherence this rule has led 
peculiar development the case the mast signals. already 
stated, the simple semaphore, its normal danger position, extended 
horizontally the right, or, night, shows red light; while safety 
indicated the arm pointing obliquely upwards the right, 
green light. 

Aside from the fact that Germany, where trains run right-handed, 
the engineer governed the arm extended towards the right, and 
that this arm raised instead lowered into the all-clear position, 
this signal agrees entirely with the English semaphore. The case 
different, however, junctions, when necessary place signals 
for the main and branch lines one mast. this case (in Germany) 
the mast has two three arms and lanterns, over each other. The 
lower arms lanterns are only used when train diverted 
from the When the main line signal (upper) all clear 
danger, the lower arms are vertical, and show light. this 
arrangement, when the track blocked, only one red light visible 
night. the main line all clear, one green light shown the 
first branch all clear, two green lights, and the second branch 
all clear, three green lights above each other. light never 
shown when any track all clear. 

These signals give information the direction the turn- 
out and more than three arms are not placed one mast there 
are more than three lines, additional masts must erected. 

The English practice regarding the arrangement several signals 
one mast differs therefore from the German that the English place 
many arms lanterns above each other there diverging tracks, 
and that all these lights show normally red. Only the one signal 
governing the all-clear track placed safety, shows green light. 
While this contrary the German rule run red light, 
serves excellent guide for the engineer, who (as the case 
the new French signals can tell once from the number 


arms lanterns, not only the number diverging tracks, but which 
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one allclear. There this method limit the number 
signals one mast. 

Position the position distant signal, order 
that the engineer may recognize intended for him, not matter 
indifference. rule placed close the track which 
governs, and the side the engineer. general, the signal need 
not over above the ground, that the engineer ap- 
proaching train may able see its position distinctly even the 
worst weather the thickest fog. 

France, great importance attached the position the 
signal, and prescribed the Minister Commerce that there 
should not sufficient room for signal between the tracks the 

The distance distant signal from the point protected de- 
pends principally upon the grade the track, the speed trains, and 
the number brakes applied. England, the distance has been 
ft. (600 800 m.). account increase speed trains without 
corresponding increase number brakes, has been necessary 
France increase this distance 300 000 ft. 000 200 m.) 
distance 000 ft. has generally been assumed, which 
train may stopped, from the point where the signal becomes visible 
(including time required apply brakes); and this basis the number 
brakes varied, according the grade and the maximum speed. 

Home signals are generally placed near the point danger 
the local conditions admit. 

sidered the point danger, and Germany the station signal some 
160 ft. (50 m.) beyond. the track which the signal governs oc- 
used for switching, the danger point taken the furthest 
point used. 

several parallel lines run into one station, the same number 
entrance signals are erected side side, each with its distant 
signal. 


trains the same line enter the station two three different 


tracks which are designated signals, the entrance signal mast 
has correspondingly two three arms above each other. 
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Signals for departure from station are rule, only 
used when departing trains have run over one several facing 
switches. The switches and signals being connected, the position 
the signal shows the station employees whether the switches are right 
for the departing train. The position the starting signal must 
such that front the longest train that governs. 

Starting signals can also used order preserve the distance 
station between trains following each other. two more 
parallel lines lead out station thesame direction, the same num- 
ber starting signals are arranged side side line right 
angles the tracks. Ifa track leading out station diverges 
two three directions, two three arms are placed over each 
other the same mast. 


Before proceeding the block system, important for railroad 
operation, another mode operating must mentioned, which, in- 
deed, requires signals, but which can regarded the precursor 
the block system. the staff” system, which takes 
its name from the fact that staff used, without which engineer 
allowed run over the section governed the staff. the 
block system, the road divided into sections, there being station 
each end section. One staff provided for each section, the 
different staffs being distinguished form and color, and frequently 
having upon them the names the two end stations the section. 
this system impossible for two trains the same section 
the same time. 

trains engines are follow each other the same direction 
before the staff can brought back, the following plan followed 
The engineer ‘the first train receives from the station agent ticket 
stating that the staff will follow, and the same time shown the 
train the section. This done the case every train leav- 
ing station given direction train comes from the other 
direction, except the last train, which carries the staff itself. 

The box which the train tickets” are kept can, rule, only 
opened with the aid the corresponding train staff.” 

course all trains must stop the stations between sections. 

The train staff system considered England the safest method 
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operating, even safer than the electric block system. The train 
staff therefore not only use, but has also been much improved 
the the electric train staff. 

The electric train staff system, used the London and North- 
western Railway, consists essentially having within hollow cast- 
iron cylinder number train staffs the same shape and color for 
certain section the road. These staffs can only taken out one 
one, through opening the top the cylinder. The opening 
electrically locked from the following station. Every train must 
taken from the cylinder, electrical communication broken between 
the two stations until the staff placed the cylinder the follow- 
ing station, and not till then can the arrival the train telegraphed 
back. thus impossible for two trains the same section 
the same time. 


Part 


Siemens Halske. 

Lartige, Fesse and Prudhomme’s electric semaphore. 
Permissive block system. Spagnoletti. 

Hail. Union Switch and Signal Company. 

American Signal Company. 

Black’s block signal. 

Concluding remarks. 

The Block System.—Starting with the idea that every point rail- 
way was point danger which should protected signals, 
Cooke, 1842, proposed divide road into sections, and allow 
only one train engine section and the same track the same 
time. ends the sections there were signal stations with 
semaphore signals, and his idea was that the semaphore the entrance 
section was distant signal operated from the other end 
the section and placed clear” when the section was free. 
Since, however, signal could not operated mechanically from 
distance miles, placed needle-telegraph instruments the 
ends the sections, which the signal operators could communicate 
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with each other, and thus make sure that section was clear before 
allowing train enter it. 

Cooke applied this system 1844 the Eastern Counties Road, but 
was given consequence accident which, however, was not 
attributed the system itself. fact, this so-called block system” 
had first many opponents among the prominent English railway 
men, account the fact that required several communications 
between the ends section, and was source considerable 
delay trains. They contented themselves, therefore, providing 
telegraph stations the entrances tunnels and similar dangerous 
places which operators were stationed who could control trains 
and assure safety these points. 

was soon found necessary, however, return Cooke’s system, 
and the present time the block system recognized the greatest 
safeguard railway operation. The details the system, course, 
have been much improved since Cooke’s day. 

Next following Cooke’s apparatus was probably needle appa- 
ratus introduced Edwin Clarke the London and Northwestern 
Railway 1853 and 1854. approaches signal station the 
operator signals the station advance one stroke bell, and 
the section clear the operator there the deflection the needle 
the right, gives the signal ‘‘all clear” train the section. 
When the train has entered the section, announced the operator 
the station advance two strokes the bell, upon which the 
latter deflects the needle the left and signals blocked,” 
which position the needle remains until put ‘‘all clear” for fol- 
lowing train. the circuit interrupted, as, for instance, 
stalled and the conductor cuts the wire, the needle takes vertical 
position. The disturbances the needle due atmospheric elec- 
tricity, which were originally felt, are prevented the use Varley’s 
safety needles.” 

the meantime, 1852, Walker had introduced the 
Southeastern Railway signal system which trains were signaled 
strokes hammer upon bell. Generally, there were but three 
signals, namely 

One stroke, departure train for London (up train). 


Two strokes, departure train from London (down train). 
Three strokes, arrival train, 
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The strokes were caused pressing button. Every signal was 
acknowledged repeating the sender. This audible block system 
was 1855 perfected the addition visible signal, consisting 
miniature double-armed semaphore framed under glass and hung 
the wall the signal station, and works quickly and reliably. One 
arm the semaphore red and shows the signal received from the 
adjacent station, while the other white and shows the signal given 
from the local station. Two spring keys, one red and one white, con- 
nect the circuit with battery, and serve give the bell signals and 
set the semaphores. Pressing the white key sets the red arm the 
adjacent station and the white arm the local station clear,” 
while the same time the bell struck; pressing the key again 
strikes the bell, but does not affect the semaphores, while pressing the 
red key brings both arms back blocked.” The inventor’s 
object was devise signal which should the counterpart the 
outdoor semaphore signals given trains. With Walker’s apparatus 
the block system was operated with the greatest strictness. 

patent was also granted 1852 Tyer for signal apparatus 
based the same ideas Walker’s. The older instruments have 
black indicator for arriving trains, and red indicator for departing 
trains; while the newer instruments the signal given minia- 
ture semaphone with red and white arm. While, however, Walker 
used two wires, one which operated the visible and the other the 
audible signals, Tyer succeeded giving both signals with one wire, 
adding ringing key and relay. Tyer’s apparatus specially 
recommended the Board Trade, and this, well the fact 
that requires but one telegraph wire, owes its extended use 
English and also French railways. 

The block signal systems thus far described are not dependent 
the corresponding outdoor signals along the line, but are simply 
telegraphic apparatus which has relation the outdoor signals 
except that they are under the oversight one and thesame watch- 
man. 

Germany, owing the fact that from the beginning every station 
had been equipped with telegraph apparatus for announcing trains, 

the introduction the block system was less difficult than elsewhere, 
present, Morse printing instruments are used almost without excep- 
tion for this purpose, possessing the advantage preserving the 
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messages. For the introduction the block system was thus only 
necessary abandon the time interval system previously used, and 
require trains follow each other only distance section. 
The fact, however, that all previous block systems were open the 
objection that the signals received the signal operator had 
transferred him the outdoor signals, led Chief Engineer Frischen, 
the firm Siemens Halske, Berlin, devise block signal ap- 
paratus which the outdoor signal was interlocked with the block 
apparatus such way that was impossible for the operator set 


outdoor signal ‘‘all clear” long the section beyond was 
blocked. The block signal apparatus consists cast-iron box hung 
the wall the signal house, and which are two small openings 
which white red disc visible, the former signifying ‘‘all 
the latter Under the openings are arrows showing 
the directions which the openings refer. Beneath isthe mechanism 
for setting the outdoor signal. clear” shown white disc, 
and blocked” The discs are operated means 
signal keys, besides, which, however, there are so-called ringing 
keys, for indicating alarm the approach The current 
generated Siemens’ machine giving alternating current for 
operating the block signals, but which also suitable for giving the 
continuous current necessary for the alarm. The alarm, well the 
block signals, require but one line wire for both directions. 

Every change the position the block signal disc 
alarm inside the cast-iron box, while the approach train 
indicated the signal tender, both audibly and visibly, alarm 
provided with disc signal, that may the proper time set his 
track signal clear.” The alarm may also used communi- 
cate various other signals. 

The locking the signal lever effected lock pressed upward 
spring under the signal key. 

Each pair block signals connected wire are then arranged 
that they must always give opposite indications. signal-man who 
causes the white disc appear the station behind him, and thus 
unblocks the section changes his own dise red, and thus blocks 
himself. cannot send back the current necessary unblock the 
section till has set his out-door signal danger, and after unblock- 
ing the rear section cannot set his out-door signal 
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until the following section unblocked signal him from the 
station advance. 

Since each change block signal requires alternating currents, 
these signals are completely independent the effects atmospheric 
electricity. Moreover the use the induction apparatus overcomes 
all the difficulties connected with the use batteries, that the 
Siemens and Halske block system apparatus may rightly called the 
most complete and reliable its kind. 

peculiar block signal was proposed Lartige, Fesse, and Prud- 
homme, which has been used since 1874, first the Northern Rail- 
way France, and afterward, onthe other French railways. consists 
signal mast carrying the top two signal arms, one for each 
direction; these arms carrying also the lenses for the night signals, 
one red and one green. The green glass added order dis- 
tinguish the red light this signal from that the signals. All 
the glasses are illuminated single lantern, the red glass direct 
light, the green reflected light. Each mast carries also half way 
two smali arms painted yellow, which are not for the engineer, but 
only for the information the signal operator. the foot the 
mast are fastened boxes, two for each direction, containing the operat- 
ing mechanism and alarms, each box being numbered and showing also 
the track which governs. The peculiarity the apparatus consists 
the fact that the signal-man himself directly places the arm the 
preceding station the all-clear position. Each signal also pro- 
vided with distant signal, round square disc, that train may, 
necessary, stopped the home signal, thus protecting train 
standing that point. The distant signals are operated hand. 
the two sections either side signal mast are clear trains, all 
the signal arms hang vertically, conformity with the French rule 
that signal shown the track clear. Boxes No. show behind 
little openings white with the notice— 


Boxes No. also show the white with the following notice: 
train locomotive approaches block station, the signal-man 


first covers the distant signal. soon has passed the 
signal mast the operator goes box No. for the track which the 
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train running, and makes about half revolution the crank. 
This sets the corresponding signal arm horizontal, and the same 
time the alarm sounded the station advance; the small arm 
this station takes the horizontal position, and box No. connected 
with it, the red shown with the notice— 


The rear station receives once the acknowledgment the signal 
the stroke bell, and the appearance yellow with the 
words— 


Track train announced at........ 


soon the signal-man station which the approach 
train has been thus announced the appearance the small arm 
sees that the train has passed his distant signal, places the latter 
danger. soon the train has passed protects the danger 
signal, and means the crank box No. drops the small 
arm his own station, and the main block signal the preceding 
station. 

Permissive Block System.—In this system horizontal position 
semaphore commands immediate stop. engineer stops his 
train, however, and the all-clear signal not given from the advance 
station within five minutes, the operator can allow the train enter the 
blocked section. The engineer, however, must make sure, observ- 
ing the track closely that incurs danger, and must proceed 
slowly that able stop his train safety should any obstruction 
appear. can resume the ordinary speed only after passing ‘‘all- 
signal. 

Spagnoletti, the telegraph inspector the Great Northern Rail- 
way, has constructed apparatus which the signals are given ac- 
cording the principles usual England. For each direction there 
are two indoor signals, the upper showing the signal received and the 
lower showing the signal given. Instead dials miniature sema- 
phores, however, the upper opening shows its normal position red 
with the words on,” meaning that the signal locked, 
while the lower opening shows green with the words 
arrived.” The operator inquires the following station means 
bell signals whether the line clear and this the case the operator 
there replies pressing key which shows his own lower signal 
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and the upper signal the preceding station white with the 
words ‘‘line clear,” and the same time the track signal the latter 
station unlocked, that can placed safety. This done 
pulling lever. soon the train has passed, the lever re- 
turned its former position, covering the train the danger signal: 
this, however, not only locks the lever, but shows the upper open- 
ing its own station and the lower the following station red 
marked ‘‘train line.” this position neither the two operators 
can alter any signal, since the rear outdoor signal, being placed 
danger, breaks the circuit; that cannot placed safety, thus 
admitting following train the section. The circuit remains open 
until the train reaches the following station, when closes the circuit 
means track instrument, and the same time shows this 
station the lower indoor opening green disc with the words 
arrived,” and the upper opening the preceding station 
red with the works ‘‘lock on.” The operation can then re- 
peated. Only one line wire required for this system, including the 
bell signals, and the details are arranged that any interruption 
the line any failure any part the system brings the signals 
the danger position. 

This method forms the transition the automatic block systems. 
general, the sentiment England and the rest Europe has not 
been particularly favorable automatic systems which dispense en- 
tirely with manual aid, principally because such systems themselves 
require any case continual supervision, order ensure their re- 
liable action. 

the case Spagnoletti’s apparatus just described, the signal 
operated the first wheel passing over the track 
instrument, and may therefore happen that train may set this 
signal and yet come stop before has completely passed the track 
lever. avoid the danger which might result, each operator re- 
quired satisfy himself particularly this point before giving the 
signal the preceding station. 

Automatic Block Systems.—Although Europe have hesitated, 
thus far, introduce entirely automatic block systems, America 
they have been introduced without hesitation and apparently with 
good results. Hall was the first introduce such signal, which 
its newest and much improved form has been extensively used the 
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New York, New Haven and Hartford, the Boston and Albany, and other 
roads. The signal itself held its normal position electro- 
magnet closed circuit. the circuit broken, the disc falls and 
shows red. Distant signals are similar home signals except that the 
green. The breaking the current effected means 
wire circuit with weak which second electro-magnet 
and two track instruments are inserted. One track instrument, the 
so-called ‘‘block” instrument, the entrance block section 
and connected circuit with the battery the other end the 
section and with the electro-magnet. When the first wheel train 
passes over this instrument, breaks the circuit and both armatures 
fall, the signal going danger. 

Some 500 000 ft. (450 600 m.) beyond the end the block 
section the instrument, which differs from the stop 
instrument that its normal position corresponds open circuit, 
and that when struck wheel, instead changing its position 
once, does only after time sufficient allow the passage the 
longest train the slowest speed, means compressed air 
This instrument closes the circuit again and clears the 
section. 

The block instrument any section beyond the clear” in- 
strument the preceding section, that train entering section 
protected before the signal the entrance the preceding section 
cleared. 

The compressed air cushion the instrument said 
the weakest point this block system. Any failure the current 
crossing wires brings the signal once danger. Breaking apart 
trains and breakage rails are not shown the system, but this 
could effected using the rails conductors. This, however, 
not recommended, since the rail circuits for considerable distances 
not operate uniformly and reliably enough. general, however, the 
use the Hall system strongly recommended, and particularly 
suitable for long block sections. 

Very similar working the electric automatic block system 
the Union Switch and Signal Company, Pittsburgh. The sections are 
from 000 500 ft. (300 750 m.) long, and the ends are signal 
masts. the top each mast the home signal, the normal posi- 


* This does not quite correspond with the instrument as now constructed.— Trans. 
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tion the arm being horizontal, danger, night showing red 
light. With short block sections and frequent trains, there also 
distant signal arm for the second section ahead, the end this arm 
being notched, the English distant signals, distinguish 
from the local home signal. The lantern the distant signal nor- 
mally green, indicating caution, while both signals show white light 
when safety. 

The signal arms are moved compressed air, already stated, 
controlled electricity. While the Hall system uses separate wire 
for this purpose, the Union Switch and Signal Company uses the rails 
for conductors. The rails are electrically connected, except the end 
block section, where there insulating joint. has been 
found unnecessary insulate the rails from the ties. battery the 
farther end the section sends weak current through the rails, 
which, the near end the section, are connected the two wires 
the electro-magnet which operates the signal. Any pair wheels 
the section short-circuits the current, the armature the signal 
electro-magnet drops, and the signal goes danger, the corresponding 
distant signal going switch the arm the 
local signal, the distant signal for the section advance goes the 
same time caution, while its corresponding home signal remains at. 
safety. Any failure any part the apparatus results the corre- 
sponding signals all going danger. Breaking apart trains and 
fractures rails are once indicated. there are switches the 
section which are included properly the circuit, the block signal 
will only indicate when the switch properly set and 
wheels are upon it. 

The method operating signals means bellows, introduced 
the American Pneumatic Signal Company, has also been applied 
the operation automatic block signals manner ingenious 
simple. When enters section the first wheel, means 
track instrument, acts the bellows and sets the signal danger, 
the same time clearing the signal the rear. The bellows far 
enough front the block signal that the engineer can see the signal 
danger before passing it, and thus know that his train pro- 
tected. This, however, has the serious objection that train should 
stop just the first wheel had passed over the track instrument, 
would not protected all. 
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Black, his block system for the New York elevated 
made use the principle employed Hall’s electric system, namely, 
that train must protected forward block signal before the 
rear block signal cleared. Black’s system, however, the operation 
entirely mechanical. The transmission the motion rods requires 
the block sections short, and the signals are therefore only about 
100 ft. (835 m.) apart. The rods are supported upon rolls between 
the rails, and are protected wooden casing against the sun and 
against disturbance. Powerful track instruments the form levers 
connected with toggles are operated the wheels, and carry the mo- 
tion the rods. Shocks are avoided inserting strong spiral 
springs. train length beyond the signal mast (one engine and five 
cars) the first track instrument which sets the danger signal for the 
section advance, and just beyond the second track instrument 
which clears the signal for the rear section. consequence this 
overlapping, the signal rods are longer than the length section, 
sometimes 700 ft. (825 m.). order provide for the 
changes length such long rods, due temperature, the oblique 
slot the end the rod, which effects the change the signal, 
lengthened both ends parallel with the motion. 

The capacity the roads equipped with this block system very 
large. The signals being placed 100 ft. (335 m.) apart, and the speed 
trains miles per hour (26 27.5 km.), possible have 
trains follow each other intervals minute. This simple sys- 
tem very inexpensive and yet thoroughly reliable. During the three 
days the Columbus celebration, October 1892, the elevated 
roads New York carried 921 864 passengers; and October 12th, 
alone, 075 537 passengers. 

one day, the Third Avenue elevated road, 8.5 miles long 
(13.6 km.) the traffic amounted 000 car-miles (87 000 car-km.), 
and 200 engine-miles (19 000 engine 

Closing Remarks.—On main lines the block system now indispens- 
able for safe operation. The choice system, however, depends 
largely upon the character the traffic. trains different length 
and speed run over the same line, and the length stops the 
different stations cannot fixed beforehand with accuracy, the use 
the Morse writing telegraph especially because 


preserves permanently the dispatches sent, and thus affords basis 
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for providing for further irregularities time. interval five 
minutes less between trains only possible when trains run with 
nearly the same speed. such cases the use writing instruments 
takes too much time, and necessary resort methods such 
have been described, which trains are signaled quickly, au- 
tomatic systems. 


Part APPARATUS. 

Introduction. 

English interlocking apparatus. Saxby Farmer. 

German interlocking apparatus. Max Co.; Riippel’s 
system patent Schnabel Henning. 

Fundamental principles German interlocking. Locking the 
route locking apparatus protection isolated switches; 
slotted signal. 

Differences between English and German interlocking appara- 
tus. Switch significance the distant signal 
safety switches detector bars. 

American interlocking apparatus. Saxby Farmer; St. 
Louis Bridge and Tunnel Co. Westinghouse’s switch and 
signal interlocking. 

Hydraulic pressure apparatus. Bianchi Haniel 
Lueg. 

Closing remarks. 

Introduction.—The danger which arises from the fact that turn- 
out the signal may not agree with the position the corresponding 
switches led the English roads, early 1846, concentrate one 
point (by means rods, etc.) the levers operating the switches and 
signals, that they could all operated one man. Since, even 
this method, however, mistakes were not impossible, Saxby, 1856, 
conceived the idea interlocking the switches and signals such 
way that would impossible for the operator set switch con- 
trary the signals, clear simultaneously two interfering tracks. 
This idea led the development what known the interlocking 
system. According this system, soon (or before) given lever 
thrown, the motion certain other levers rendered mechanically 
impossible. This effected adding the simple lever apparatus 


special device, consisting the main movable locking bar, 
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moving parallel the row levers, and provided with the necessary 
locking pieces. The mechanism designed the basis given 
mode operating the tracks, and corresponding locking table 
prepared, showing positions the switches and signals which are 
incompatible dangerous. The locking pieces are then arranged 
conform this table. 

This interlocking system has since been found indispensable 
governing the entrance and departure trains stations where the 
traffic heavy. 

English Interlocking Apparatus, Saxby Farmer.—The interlock- 
ing apparatus Saxby Farmer distinguished its simplicity 
and its solid construction, and sufficient general for English 
requirements. Its use limited the legal requirement England 
that facing and trailing switches shall not operated means 
rods greater distances than 540 ft. (165 m.) and 900 ft. (275 m.), 
respectively. consequence, the switches operated from one point 
are concentrated within space which can easily overseen and 
watched from the central point. This area protected all direc- 
tions signals, resembling citadel, which the operator—a reliable 
man, trained from youth many years’ service—holds absolute com- 
mand. This method has been entirely satisfactory English roads. 
Attention has since been directed feature which this system does 
not possess, namely, the interdependence the interlocking system 
with the block system. 

German Interlocking Systems.—In Germany less reliance placed 
upon the signal-man stationed the towers, since, notwithstanding 
the interlocking the switches and signals, can give improper 
unaccustomed signal expected train, and thus bring 
upona wrong track, where the station employees not want it, can 
allow enter before the station-master ready for it. The Saxby 
Farmer apparatus, therefore, which was introduced Germany 
1870, did not fully satisfy the needs German roads. The firm 
Max Jiidel Co., Brunswick, builders railway signal appara- 
tus, first imitated the English interlocking apparatus, but finally 
their eminent engineer, Biissing, developed conform German 
requirements. present this company builds interlocking apparatus 


after system and Biissings’ patents. 
1874, Th. Henning the firm Schnabel Henning, Bruch- 
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sal, showed the Vienna Exposition interlocking apparatus his 
own construction, and since that time these two and some other German 
firms have taken the greatest pains bring their interlocking appa- 
ratus the highest possible degree perfection. 

Fundamental Principles for German Interlocking.—In consequence 
the fact that the management the traffic separated from the duties 
the operator charge the levers, and order that the station- 
master, who oversees this traffic, may have exclusive control the 
entrance and departure trains the station, special interlocking 
devices are applied between the offices the station-master and the 
various interlocking towers the station, which are known 
blocks” (Stationsblockwerke), ‘‘signal locks” (Signal Ver- 

These appliances led the idea making the station-master and 
the signal-operator interdependent, such way that before the pas- 

(1) The switches passed over must set and blocked the 
operator. 

(2) The signal for the train must cleared the station-master. 
And after the train has passed— 

(3) The signal must put behind the train, the 
operator. 

(4) The switches must freed for other operations the station- 
master. This cannot done till the train has completely left the 
protected area. 

Locking the further innovation German interlocking 
locking the entire route train through yard. Formerly, 
signal was cleared locked the switch passed over the 
proper position. This had the objectionable feature that soon 
the signal was put back danger, the switch was unlocked while 
often very desirable that after the signal put danger, behind 
train, the safe position all the switches passed should 
assured till certain that the train has passed them all. This led 
the introduction ‘‘route which are properly interlocked. 
This renders unnecessary hold the signal lever the 
position, order lock the switches. the contrary, all the 
switches over which the signal gives right way are locked the 
station locking apparatus, without making impossible for the 


| 
| 
| 
‘ 
4 
a 
be 
be 


KECKER RAILWAY SIGNALING. 527 


operator the tower throw the signal ‘‘danger” any 
time. 

Electrical apparatus was formerly exclusively employed for con- 
trolling the levers the towers the ends the station from the 
offices the station-master. Lately, however, these have been largely 
replaced mechanical apparatus, and electrical locks only retained 
connection with such sections are equipped with Siemens Halske 
block apparatus, cases where the station considerable distance 
from the levers. 

the newer mechanical locks, double wires are invariably used, 
which, besides being all that could desired with respect sim- 
plicity construction and ease repair, are, moreover, rule, 
cheaper than electrical locks distances about 4000 ft. 

Locking Apparatus.—The locking apparatus the station (or some- 
times the platform) operated generally crank. Each crank 
serves for controlling two directions routes, being connected with 
locking bar the interlocking tower. When the crank the 
intermediate position, this bar cannot moved; the crank turned 
the left, frees the locking rod for one route (i. allows the all- 
clear signal given for this route, and locks all switches which 
the train pass over); turned the right, frees another route. 
This from former arrangements that here not the signal 
lever which freed locked, but only the locking bar the lever 
which the latter moved. Whenever the station crank turned, 
the signal operator audible and visible signal, and 
thus directed clear block some given route. 

The interdependence already existing between the various levers 
the interlocking apparatus the tower generally repeated the 
locking apparatus the station, that the station-master can never 
free two interfering routes. further interlocking has also been 
added such that when the signal has been given for train enter 
any given track, impossible again give the all-clear signals 
for that track from any direction whatever until departure signal for 
this track has been given and then removed. 

Protection Isolated Switches.—A road not always position 
protect station junction erecting once special interlocking 


plant. According the laws governing the operation main lines 
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Germany, however, signals for the protection switches, which 
ordinary operation are facing points, are obligatory. The signals 
must arranged that the signal for any track cannot cleared 
until the switch set for that track, and the switch must remain 
long the signal clear. Here, also, the object has been relieve 
the switchman the duty setting the signal, placing this charge 
the station-master. For this purpose, switch-lock discs are used, 
which are inserted the double wire means which the station- 
master from his office from the station platform sets the entrance 
signal for the station. The disc has widened rim means which 
locking bar connected with the switch lever such way that the 
switch can set will long the signal ‘‘stop,” while the 
signal can cleared only when the switch set for the proper track. 
Setting the signal locks the switch this position. 

Slotted Signal.—Even before was proposed interlock switches 
and signals, device had been introduced England which sig- 
nal could cleared only the concordant action two signal-men 
stationed different points. This device principally cases 
where signal towers are only short distance apart, make, for 
instance, the departure train from the area governed one tower 
dependent upon permission given from the following tower. The de- 
vice consists principally having one more slots the rod which 
works the signal, each which pivoted lever works, each 
lever holding the signal danger means counterweight. The 
signal can cleared only when all the counterweights are raised; 
soon one counterweight falls, the signal goes once danger. 
thought that Saxby first conceived his idea interlocking from 
this apparatus. 

Saxby Farmer afterwards constructed apparatus which 
the more distant signal-man controls the signal electrically. This 
the slot signal,” although this case there slot. 

Germany, slot signals are now used quite widely, order 
secure interdependence between groups switches operated from 
different points, with respect certain switches and signals. such 
means all the switches for certain route operated from one point can 
locked, and the same time the all-clear signal for this route given 
the adjoining section. 
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Differences between English and German Interlocking Apparatus.—In 
England, already stated, the signal-men the towers are quite inde- 
pendent, while Germany they only the bidding the station- 
master. cannot denied that the idea concentrating the entire 
superintendence the traffic the hands capable official appears 
very desirable, but must acknowledged that the duties the 
official confine him the station building particular 
place the platform, cannot always himself see the condition 
things the ends the station yard before giving orders for the 
information given him signal-men those points. The signal-man, 
soon receives from the station the order give certain 
signal, must satisfy himself that the route followed the train 
really clear before obeying the order. Now, since the obstacles 
the way train are generally about the switches the end the 
station yard, follows that the most important point for insuring the 
safety station service not the center the station, but 
its ends. Moreover, mistakes the part the station-master, 
misunderstanding the part the signal-man, are not impossible, 
even with the most perfect system, and have been the cause 
accidents. 

the work done daily station equipped with interlock- 
ing apparatus laid out systematically and permanently, and the 
traffic regular, the signal operator, follows the schedule, cannot 
well open route that not desired the station-master, and even 
should mistake so, the engineer approaching train 
would able tell from the signals that his own track was not clear 
and would come The danger that signal-man might allow 
enter track already occupied may easily obviated 
arranging the main tracks the station that that they form block 
section, like the main line beyond the station. train will then 
allowed enter the block section within the station till the previous 


train has left this section and its rear signal has passed the further 
tower. 


Finally, must acknowledged that trains follow each other 
short intervals, delays will occasioned, necessary, before 
admitting them for the signal-man communicate with the station, 
that better concentrate the responsibility the hands the 
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signal-man. simple telegraph connection sufficient communi- 
cate special messages from the station-master the signal-man. 

objection frequently urged Germany against the Saxby 
Farmer apparatus the large number levers used. When re- 
member that, for instance, Max Co. build interlocking ap- 
paratus which station the crossing two double track roads 
with twoswitches, two double armed entrance signals, besides two distant 
signals and four starting signals, are operated only four cranks 
(wires being used throw the switches), seems worth while 
examine the causes for the large number levers English inter- 
locking apparatus. 

Switch Locking.—In this examination the first striking point the 
locking each switch special lever. England considered 
absolutely necessary ensure the full contact the tongue 
facing switch with the fixed rail means special slightly wedge- 
shaped bolt which forced into corresponding hole the rod con- 
necting the two movable points. The lever this lock takes the place 
the switch lever the interlocking apparatus. This lock also 
generally provided with detector bar, which prevents the lock from 
being withdrawn long wheel over this bar. This doubles 
once the number switch levers. 

Germany, already stated, the locking isolated switches 
means the signal wires generally introduced, but the locking 
switches means special wires and levers the towers only 
introduced exceptional cases. place them there are special 
throwing devices the switches called locks” ‘‘switch 
locks which are intended assure the signal-man that throwing 
his switch lever has actually brought the movable point into per- 
fect contact with the fixed rail. This switch lock intended 
unaffected small temperature changes length the lead-out, 
the unavoidable lost motion occurring greater less extent 
the transmission mechanism. These devices, which throw the switch 
and the same time lock its new position, have thus far proved 
thoroughly satisfactory. must remarked, however, that almost 
all the interlocking systems Germany are recent date, and that 
consequently the natural wear bolt connections and other transmis- 
sion mechanism has not yet taken place serious extent. This 
wear, however, may take place unnoticed such extent that 
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slight resistance offered the throwing switch, may pos- 
sible throw the lever completely over without ensuring perfect con- 
tact tongue and fixed rail. must further recognized that the 
lateral pressure cars passing over switch may gradually result 
the point not being contact. Attention therefore now being 
directed the idea providing some means, independent the 
switch-throwing apparatus, which the signal-man may assured 
that distant switches close contact secured. 

Significance the Distant Signal.—Another circumstance which leads 
again doubling the number levers English apparatys, the 
different meaning the distant signal. Germany, the distant 
signal simply calls attention the position the home signal, and 
both must always the same position, they may operated 
the same wire. England, the contrary, the distant signal 
independent stop signal, under whose protection, danger, the 
train proceeds. the home signal then cleared, the distant signal 
remains danger, and not only protects the train against rear 
collision, but also locks the proper switches. The interlocking the 
distant and home signals such that though the latter may cleared, 
while the former danger, the reverse can never occur. 

Germany considered unnecessary protect train the 
distant signal, but dependence placed upon adherence 
the block system. There have been instances, however, more 
less serious rear collisions between train stopping before the home 
signal and following train. 

Safety Switches.—The fact that special switch locks are not used 
interlocking has enabled German engineers make the switches 
that they can run over trailing switches even when set for the 
wrong track (so-called ‘‘safety without injuring the inter- 
locking apparatus causing the tongues assume intermediate 
position, clear both fixed rails. This effected making the 
switch rod connecting the points discontinuous and using the point 
lock” already referred to. When thrown, the operation 
follows: the motion the rod first moves the point which not 
contact, the same time unlocking the other point; both points then 
move together till the former comes contact, when locked, 
while the motion the other point continues. the switch run 
through trailing, when wrongly set, the motion caused the free 
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point being forced aside and transmitted the rod, the procedure 
being the same just described. order that the interlocking ap- 
paratus may not injured, connection introduced between the 
lever and the switch rod, which rigid when the switch thrown 
the usual way, but which becomes detached with slight resistance when 
the switch run through backward. the same time the proper 
signals are locked and the signal-man notified. 

Detector bars, which prevent switch from being thrown while 
train upon it, are seldom used Germany, the position the 
switch being considered sufficiently assured the locking the 
signal lever the switch lock lever. does, however, excellent 
service suitably constructed, all movements which must made 
within the interlocked area without requiring perhaps permitting 
the operation signal route lever. 

American Interlocking.—The Saxby Farmer apparatus was intro- 
duced America 1873, and used with it, the English method 
operation, consisting principally separating the announcing from 
the despatching trains, this method having been general and very 
extended use America before the introduction interlocking. 

The Saxby Farmer apparatus still use many large 
stations, junctions and crossings, but the practical American mind 
has introduced many simplifications, consisting mainly placing 
movable pieces the locking bolts, which effect certain interdepen- 
dence between special locks, and preserve this relation different 
positions the locks. 

The considerable force necessary throw switches means 
rods (pipes) wires, and the necessity having number signal- 
men the towers the same time, led the Americans replace manual 
power, far possible, other forces, mainly hydraulic pressure 
and compressed air. 

The attempt was made large scale 1883, employ hydraulic 
pressure for operating the extended plant the St. Louis Bridge and 
Tunnel Company. This system covered length nearly miles 
(4.5 km.) double track, with three towers and about miles (45 km.) 
yard and side tracks, with corresponding number switches and 
signals, and operated, 1887, 131 trains daily. The experiment did 
not lead the expected results, and the plant was altered substi- 
tuting compressed air the power, using hydraulic pressure only 
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operate the valves. This new plant, designed Mr. Wuerpel, offers 
many points interest. described the Railroad Gazette, 1889, 
page 90. The three towers contain together 108 levers, which 
are the tower Louis. These levers operate 138 switches and 
signals. The comparatively small number levers due the fact 
that special device certain signals (as many nine) can operated 
one lever. effected placing valves the water pipes leading 
from the tower the signal cylinders. These valves are connected 
with the switch mechanism that when the signal lever thrown, the 
water always admitted the signal cylinder which corresponds 
the switch question. The operation this plant requires the mini- 
mum force. the East St. Louis tower, one man operates the 
levers, eight-hour shifts. The track movements, when completed, are 
electrically announced the tower and indicated miniature plan 
the yard, with movable switches whose positions correspond with 
those the actual switches. The electrical contact made the 
point the switch. The entire apparatus, except that for operating 
the indicator, contained underground conduits and thus protected 
from injury case derailment. 

The Union Switch and Signal Company.—By great expenditure 
money, time and labor, this company has succeeded constructing 
interlocking system after the ideas Westinghouse, which satisfies 
the highest degree all the requirements which can made upon 
safety interlocking apparatus. Its operation, especially, requires little 
power, very compact, convenient arrangement, and the lead-outs 
can placed underground any way desired, necessary outside 
the track area. The plant costly, however, and therefore only suit- 
able for large installations. illustrated description may found 
the Scientific American for May, 1891, page 273. The signals and 
switches are operated compressed air pressure not less than 2.8 
atmospheres. The valves the switches are operated hydraulic 
pressure, those the signals electricity. The throwing appa- 
ratus, instead the usual levers and rods, consists series 
horizontal shafts horizontal plane, which are rotated cranks. 
The motion the shafts limited electric stops. the ends 
the switch shafts, are three way cocks through which passes the water 
which operates the air valves the switches while from the ends 
the signal shafts, the electric current sent operate the air valves 
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the signals. Each switch thrown means compressed-air 
cylinder, whose piston, being thrown, first unlocks the switch, then 
throws and then locks again locking bolt. Connected with 
the apparatus fouling bar, prevent the switch from being 
thrown under The locking bolt, when its final position, 
closes circuit which the tower effects the release the lock the 
switch shaft. The locking signal shaft effected cur- 
rent, which broken long the signal arm the all-clear 
position. The interlocking apparatus the tower peculiar. The 
shafts which serve throw the switches and signals are insulated 
rubber coverings, upon which are strips platinum, and between the 
shafts are springs for closing the circuits, arranged that the sending 
the current for given signal made dependent upon the previous 
proper setting all the switches involved. Throwing any switch out 
position would break the circuit and bring the signal danger. 
When signal cleared, the cranks all the switch shafts involved 
are mechanically locked special locking bar. Before the signal- 
man model the yard, with movable switches which follow the 
motions the actual switches soon the latter are fully thrown. 
Track circuits are also arranged, which the operator can see which 
tracks, any, are occupied cars. Little covered windows with the 
number the route, together with electric announce auto- 
matically the approach each train, well the route which 
takes. 

Bianchi the unfavorable results 
attained America with the use hydraulic pressure for operating 
the switches, Messrs. Bianchi Servettaz have recently brought 
forward signal system which they have tried the Italian Medi- 
terranean road, and which has also been introduced tentatively 
Germany the firm Haniel Lueg, order 
prevent freezing, the water mixed with 40% glycerine, and used 
under pressure atmospheres. The pressure serves not 
alone for transmitting the power, but also for effecting return signals 
from the tongue the switch the operating lever. This not only 

informs the operator accurately the position the switch any 
time, and its movement when being thrown, but arranged pre- 
vent him from clearing route for which the switches are not all 
properly set. 
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While the Italian interlocking apparatus the switches are firmly 
locked position when thrown, the above-named German firm has 
made them safety switches, that they may run through trail- 
ing, even when set for the wrong track. These safety switches differ 
their action from those previously described one important 
respect, viz., that, after being run through the points they again 
assume their former correct position instead being thrown over. 
This system has yet exposed the test practical operation. 

Concluding Remarks.—According the report Messrs. 
and von Borries, who were commissioned the spring 1891 the 
Minister Public Works make tour inspection America, 
these engineers saw the Jersey City Station the Pennsylvania 
Railroad three passenger trains leave the train house almost the 
same time and proceed the same track within minutes, each 
train receiving its complete signals, and safety operation being com- 
pletely assured. 

are judge the perfection apparatus its results, 
must undoubtedly award the palm the American interlocking 
systems, especially that the Union Switch and Signal Company. 

With the English interlocking system has not been possible 
attain train interval less than two minutes, account the 
greater power necessitated the use rods for transmission while 
Germany this train interval must considerably increased con- 
sequence the complicated process trains. 

With regard the objections the various methods leading out, 
and which the case rods (pipes) and wires (besides the changes 
length due variations temperature) consist particularly the 
yielding some the intermediate supports, resulting binding 
and difficulty operation, may here specially direct the attention 
railroad engineers the use compressed air. compared 
with hydraulic pressure, compressed air has the advantage that 
may used pressure only 2.8 atmospheres, while the former 
requires pressure atmospheres. Moreover, the air may 
allowed escape freely anywhere after being used, while the use 
hydraulic pressure requires special return pipe. 
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Part 

Switch signals general; Max Jiidel’s; Backofen’s; Cum- 
ming’s. 

Latowsky’s steam alarm. 

Drilling shifting signals general; drilling clock; French 
indicators; Hattemer’s track describer. 

Train signals; bell cord; continuous air brakes; electric train 
signal the Eastern Railway France; Rayl’s emergency 
signal; Griggs’ train signal; Pennsylvania Railroad signal. 

Signals for help; use the telegraph line; Austrian signal for 
help; Siemens Halske’s signal. 

Switch the introduction interlocking, switch sig- 
nals have lost much importance, for the interlocked track signals 
indicate with certainty the engineer and others the position the 
switches. Germany, therefore, steps have been taken recent 
years towards securing uniformity switch signals. the new sig- 
nal regulations prescribed that switch signals must indicate 
day night, their form, whether the switch set for the main 
track, for which side. Red and green lights are not used for 
switch signals, unless special cases they are serve the same 
time danger cautionary signals. 

These regulations are complied with the most differing ways. 
rule, the case the signal lantern forms the same time the sig- 
nal, and connected with the tongue the switch, that turns 
the latter moves. The light enclosed glass painted white, and the 
signal presents the same form day night. When the switch 
set for the main track, the lantern shows its narrow sides both 
directions, while the switch set for the turnout shows its wide 
sides. order show the direction the turnout, there either 
black arrow the proper direction the white sides the lantern, 
else the side the lantern itself given such form will show 
the direction. 

Although, however, the switch signals have lost importance re- 
gards train movements, they have retained their full importance 
regards shifting drilling movements. the latter, particularly, 
derailments are frequently caused cars running over facing switch 
while being thrown and the points are not contact with either 
fixed rail. order indicate with certainty the contact the 
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tongue with the fixed rail, devices have been constructed which 
red surface light shown soon (or just before) the tongue 
leaves the fixed rail. The switch may therefore have three distinct 
positions, viz.: (1) for the main track, (2) intermediate 
ger, and (3) for the turnout. 

The firm Max Jiidel Co., Brunswick, makes such signal, 
which the lantern six eight sided. When set for the main line 
presents white surface light; the intermediate position 
shows red, and when set for the siding shows white, with black 
arrow. 

Backofen, Pesth, proposes small semaphore with the follow- 
ing three positions the arm: obliquely upward for the main track, 
horizontal for danger, obliquely downward for siding. The prolonga- 
tion the arm carries glass shades corresponding colors. 

similar signal, that Cumming, has been introduced America 
the Pennsylvania Steel Company, except that the arm vertical 
when the switch set for the main track. this signal the arm takes 
the horizontal position, red light shown when the lever un- 
locked preparatory When the switch set for the siding 
the proper signal appears soon locked. 

Latowsky’s Steam Alarm.—The shrill sound the steam whistle 
objectionable and disagreeable, particularly when railroad runs close 
important road street, even upon one, may the case 
with so-called secondary roads. The regulations for secondary roads 
Germany prescribe, therefore, that wherever there are unprotected 
highway crossings grade, the locomotive must provided with 
some other form alarm. 

For this purpose Latowsky has made steam alarm which in- 
genious simple. evidently had mind the rattling made 
the cover pot the fire. Steam enters vessel through small 
orifice, and escapes through wide opening above which covered 
rattler, upon which isa hammer. This hammer strikes upon bell 
which surrounds the vessel, making 200 220 blows per minute, in- 
dependent the steam pressure the boiler; indeed, strikes more 
rapidly the lower the pressure. boiler pressure two atmospheres 


sufficient work the apparatus. the newer alarms the steam 
conducted through receiver the chimney after being used. 
Drilling Signals.—In order direct the signal-men the signal 
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towers large stations the drilling movements desired, vocal 
hand signals are generally insufficient. Whistling signals, though 
much used, have proved too annoying people the neighborhood, 
especially near large cities much-traveled streets, and,have had 
partially given up, notwithstanding their suitability. The use 
speaking tube leading from suitable point the yard the signal 
towers has proved practicable only for short distances. Other means 
have therefore been brought into use. One these the 
(Rangiruhr), which has proved satisfactory, and which com- 
munication made with the signal-man mechanical means. con- 
sists two dises, one which operated the man charge 
the shifting, and conveniently located for him, while the other 
the signal tower. Both discs are graduated and labeled correspond 
with the different switching movements, and the disc the tower also 
has designated upon the position the switches set for each 
movement. The discs are connected wire and rotate together, 
fixed pointer indicating the desired movement. Sometimes the discs 
are fixed, and the pointers rotate. 

Electrical means communication have also been used some 
devices. these, however, the electrical indicators introduced 
French roads are said have proved too fragile and unreliable. 

Better results have been attained with the track indicator proposed 
Hattemer Berlin. consists metal case, the outside 
which the numbers the tracks are placed side side. Above the 
row numbers slot covered with glass, which many square 
white discs may appear there are tracks indicated; and between 
the slot and the track numbers row brass pull-rods projecting 
from the case. The complete apparatus consists two these boxes, 
electrically connected, one the signal tower and one within reach 
the station-master, whoever has charge the drilling. When the 
station-master wants the switches set for certain track, pulls down 
the corresponding rod his instrument, whereupon both instruments 
show the proper square The signal-man, pulling the corre- 
sponding rod his instrument, causes both disappear. 

Train are the signals which have been de- 
vised for enabling the passengers conductor train motion 
communicate with the engineer. these are only used 
case emergency, they may designated emergency signals. The 
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simplest and most common these the continuous bell-cord, one end 
which attached the bell, whistle, other alarm the engine, 
which can thus sounded. The bell-cord, however, not easily 
reached passengers, and its use requires certain amount 
strength. has the advantage that indicates the breaking apart 
the train; but such case, were the engineer bring his portion 
the train immediate stop, collision with the rear portion might 
ensue, prevent which great care would have exercised the 
engineer and the train hands. 

This introduction continuous air brakes has rendered possible 
away with the bell-cord, and place the power any pas- 
senger, case emergency, stop the train once. Since case 
breaking apart train, both parts are once brought stop, 
all the requirements are here met most perfect manner. Some 
little time must elapse, however, before all passenger trains are 
completely equipped with air brakes, and until then some the 
devices hitherto used must retained. 

Among these, the most common appears the electric train signal 
used the French roads. The locomotive connected electrically 
with every car the train, the battery being placed the first brake- 
man’s box back the engine. the last brakeman’s box the train 
reserve battery with alarm. The alarm the engine can 
rung from each brakeman’s post and from each compartment. The 
train hands communicate short signals with each other means 
press-buttons. For the passengers there box from which 
button projects. the button pulled out, cam revolves inside 
the box, the current closed, and the alarm rings continuously. 
the same time, signal arms appear each side the car, which hang 
vertically, and are made appear mechanism within the walls 
separating the compartments, thus indicating the compartment from 
which the alarm was given. When the alarm has been given, the 
passenger cannot push back the button into its original position but 
when the arms are made invisible being pushed back into the 
horizontal position, the cam the instrument revolved into posi- 
tion such that the button can pressed back. 

Austrian roads the emergency signal Rayl 
for general use. the head the train, each end, alarm, 


and each end battery, the two connected circuit, but 
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opposite directions. The metallic brake rods, may used 
one part the circuit. Normally current passes, but when the two 
parts the circuit are connected any point, current passes from 
each battery and the alarm sounded. The connection made 
revolving shaft which runs continuously over the tops the cars, 
which can done from within. 

Another electric train signal that Griggs, used some the 
American roads. This blows special whistle the engine, means 
the compressed air from the train brake-pipe. 

Finally, may mention that the Pennsylvania road has introduced 
instead the bell-cord continuous rubber hose under the car body, 
which supplied with compressed air pressure little over one 
atmosphere from the compressed air reservoir. This connected with 
the whistle such way that, long there pressure the pipe, 
the whistle does not sound, but when the train breaks apart the 
pressure released opening valve, the whistle sounds until the 
pressure restored. Other signals can also given this ap- 
paratus. 

Signals for meets with accident and stalled 
the road, necessary send word the nearest station and get 
assistance. Such cases are fortunately rare, that complete signal 
system has not been developed. the stations are not far apart, the 
quickest and surest way will generally send out messenger, 
particularly roads using the block system and where trains follow 
each other closely. If, the contrary, the stations are far apart, 
some roads have placed intermediate telegraph stations suitably 
situated section-houses, which are only used case necessity, 
and are operated trackmen. some cases, also, the existing tele- 
graph line has been arranged that instruments can inserted 
certain points, the instruments being kept ready for use case 
necessity the nearest section-house. carry telegraph instru- 
ments for this purpose trains, however, appears inadvisable, con- 
sidering that case accident the instruments well the operator 
are exposed danger. 

The methods which have been described, however, serve more 
send telegrams from intermediate points the road than signal. 
Although special means giving signals for assistance are not generally 
provided, the continuous electric block signal apparatus, such 
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found throughout Germany and Austria, offers means giving such 
signals. If, generally the case Austria, the bell signal circuit 
operated with closed circuit, all that necessary provide the 
intermediate (emergency) stations with current breakers. Each time 
the circuit broken, the bell strikes once each station the sec- 
tion, that the desired signal can given certain combination 
strokes. For instance, the signal locomotive given 
five strokes repeated three times. Five strokes and one stroke, repeated 
three times, the call for engine with workmen. the key 
operated the hand, inaccuracy may lead misunderstanding the 
signal which derives its meaning, not simply from the number 
strokes, but also from their grouping. Many roads, therefore, for 
signaling this kind, use automatic keys, operated the hand 
clockwork, which make such errors impossible. 

Ifthe alarm circuit operated induction current, may used 
also for battery current too weak operate the alarms, but sufficient 
for the signals for assistance. Making use this principle. Siemens 
Halske have added their alarm apparatus special device 
which signals can given Morse printing instruments inserted 
the circuit the end stations the sections. For this purpose in- 
sulated brass with depressions along its edge placed the axis 
the alarm. contact spring presses the edge, and the circuit 
only closed while the spring passes over depression. This alternate 
closing and breaking the current, the revolves, produces the 
Morse characters the depressions the are properly propor- 
tioned. The number signals which can given limited the 
fact that each signal requires special disc well special key for 
bringing the contact spring over the discs and the same time releas- 
ingthe alarm. gives also the Morse strip, the station, 
either side, the number the alarm from which the signal given. 

This apparatus works perfectly long the alarm wound up. 
should run down and the contact spring happen between two 
depressions, the cireuit would broken. 

signal for help given from any point, alarm given the 
two neighboring stations, upon which the signal-men those stations 
are once insert the Morse instrument the circuit, and take the 
message. order that they may have time this, the signal key 
must held the alarm which has been released until the latter has 
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given strokes the bell. the signal has been correctly re- 
ceived the adjacent stations, one the latter replies giving the 
so-called ‘‘alarm signal,” which consist six strokes six times re- 
peated, and which is, course, produced all alarms the circuit. 
The signal generally given from the station which has last signaled 
the train question. the alarm signal not given shortly after 
the signal for resistance, the latter must repeated till acknowl- 
edged. Since, however, while train passing certain section, the 
telegraph apparatus the two end stations closely watched, order 
give receive notice the arrival the train the further sta- 
tion, the operations involved giving, receiving, and acknowledging 
signal for help generally take place very quickly, seldom requiring 
more than four minutes. 
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Prepared for the International Engineering Congress the 
Columbian Exposition, 1893. 


The subject power and power transmission will not consid- 
ered this paper theoretically mathematically; but practical 
manner. proposed treat that branch the subject which 
relates more particularly cable street railways. 

One cannot enter the central power station cable railway sys- 
tem without feeling impressed with the mechanical results secured. 
Large engines, working day and night and knowing rest large 
rotating gears, whose continued roar tells the story mechanical 
work, which turn performed the steel cables which pass out 
into the street from rapidly moving driving-drums. This activity, 
these moving gears and drums, the regular click the engine valves, 


Note.—Discussions on all papers presented to the International Engineering Congress 
will published simultaneously the number for December, 1893. 
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all tell the interesting story power generation and power transmis- 
sion. those not informed, scene like that ordinarily presented 
operated cable railway station bewildering and confusing the 
extreme. commands respect and admiration, and while the result 
power generation invisible, the mind cannot measure, even 
comparison, the ever-varying degrees power developed. 

The engineer, the side the engine cylinder, with oil-stained 
overalls, takes little paper card from small instrument, the indica- 
tor, which tells, detail and with certainty, much about this question 
power. will, imagination, visit few cable power stations, 
and learn, possible, something about their arrangement and 
machinery for power transmission, etc., and, taking few indicator 
try learn something about the great forces that operate 
them. 

Kansas City, Mo., has, said, one the most complete cable 
railway systems the country. Without passing this point, may 
said that this city most thoroughly supplied with cable traction. 
Kansas City noted for its bluffs and hills, and for this reason the 
cable railway finds wide field usefulness here. 

The location covered the Kansas City Cable Railway Company’s 
Eighth and Ninth Street lines is, doubt, the most difficult cable 
railway location which can refer. This road was promoted and 
built the writer, following the first San Francisco roads. con- 
sidered pioneer road, and when was proposed operate the main 
cable around right-angle curves, was considered impracticable 
engineers, and this case have the first application the 
main cable operating such curves. 

Curves were, this time, operated auxiliary cables. 

There are two right-angle curves this line, each 55-ft. radius. 
Commencing the western terminus the line, the Union Depot, 
find elevated waiting-room above the street, then level piece 
track for distance about 250 ft., then 19% ascending grade 
elevated steel structure, which extends the summit the 
high distance about 1000 ft. From the summit 10% 
descending grade for distance 350 ft. reaches the power station. 

The grades from the power station all descend Main Street, where 
ascending grade occurs for one block, then ascending 
grade 10% for one block, where right-angle curve located. 
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One block from this curve another similar curve occurs. The other 
grades vary from level per cent. will seen that the power 
station near the western terminus the road, well near the 
steep incline. 

The cable 000 ft. length, passing from the power station 
and running the extreme eastern terminus the road, then re- 
turning the western terminus Union Depot; thence the south 
conduit the power station. The length this division the road 
about miles, double track. 

the power station are two in. Wright engines, one 
which operated the road until the Washington Avenue line was added. 
The engine shaft has pinion keyed it, ft. diameter, 15-in. 
face, 5-in. pitch, which drives large gear the main-line shaft, 
ft. diameter, 15-in. face, 5-in. pitch. 

The main-line shaft extends back the driving drums, which 
arranged clutch pinion ft. diameter, 10-in. face, 4-in. pitch, 
which drives the drum gears arranged the driving drum 
these gears are ft. diameter, 10-in. face, 4-in. pitch. The in- 
termediate pinion between the drum gear the intermediate shaft 
ft. diameter, 10-in. face, 4-in. pitch. The cable used ins. 
diameter, weighing 2.5 lbs. per linear foot, total length 000 ft., 
making total weight cable Speed cable 7.03 miles 
per hour. 

series three four tests were made each month, order 
determine accurately the horse-power developed performing the 
work propelling the cars the road under varying conditions 
traffic and weather. The test began taking indicator cards 
the first day the test, making two cards each hour during operating 
hours, which was repeated several times each month, covering period 
about months. 

will seen Table No. that the mean power required propel 
grip car and one closed car with passengers, There are 
means determining the passenger load these trains, but the grip 
car without passengers weighed 800 lbs., and the passenger coach, 
000 these cars constituted train. The mean number trains 
operated during this period was 9.6 trains the lowest number, 5.6 
trains the highest, 13.2 trains. 

Many times when cards were being taken, the local position 


546 GILLHAM CABLE RAILWAYS. 


trains was such that large proportion them were descending the 
various grades the line railway, and, having contact with the 
cable compensation was thus secured, and very little power, any, 
developed the engine other words, gravity for brief period 
time performed the work the engine, when suddenly, the position 
the cars the street having changed, the engine seemed almost 
instantly develop high power propelling the cars. 

The mean resistance the engine and main-line shaft, developed 
these tests, was equal The lowest resistance noted 
was 12.24 P., and the highest 21.12 The variation the 
resistance engine and shaft was largely due the Weston-Capen 
friction clutch the main shaft, whose plates must have been 
slightly contact, thus producing brake action. These clutches 
form part the pinion the main shaft, and were used for 
the purpose communicating power the pinion and thence 
the driving-drums. One set these driving-drums usually requires 
operate them, without cable. The mean power developed 
operating the cable without cars, machinery and engine was 
37.24 

The total number indicator cards taken during the tests 
was 333. 

There was maximum variation about the power 
required for engine, cable and machinery. This variation was 
doubt due the condition the road machinery, including the two 
right-angle curves having defective curve pulleys, poor lubrication and 
bad weather. 

Commencing with Test No. 12, will seen that the power in- 
creased trifle over P., increase about per cent. This 
was largely due changes the road machinery, principally the 
carrying sheaves, which were ft. apart, and almost doubled 
weight. valuable lesson the transmission power for cable rail- 
ways can learned studying the elements that caused this increase 
power. 

The carrying pulleys originally used this road had webs 
light corrugated sheet steel, with rims from rolled plate steel, with 
groove for the cable, the rim being riveted the corrugated web, 
diameter, ins.; weight, diameter journal, During 
the period the great many these carrying pulleys were 
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removed, and their places pulley ins. diameter, and in. 
journal, from cast iron was used, weighing lbs., which resulted 
increasing the power required drive the rope. 

The variation power developed propelling cable, cars and 
passengers, shown the table, needs comment; varying loads, 
conditions and weather, all contribute the changes shown this 
column. 

The percentage total horse-power operate the engine and main 
shaft, cable and machinery, cars and passengers, shown also 
Table The mean percentage total power developed and re- 
quired overcome resistance and operate the engine and main shaft 
was 17.11 per cent. The mean percentage total power developed 
operate the cable and machinery was per cent. 

The mean percentage total power developed propel cars, with 
passengers, was 44.4%, which leaves 0.45 unaccounted for, due 
probably slight errors. 

The tension the cable was observed vary, depending directly 
upon the position trains and condition traffic. 

The minimum stress the cable was secured when six trains were 
operated. The maximum stress, with this number trains, was 350 
the mean stress, 804 

The maximum stress was observed when trains were operated 
with this number trains the maximum stress was 980 the 
mean stress, 270 lbs. The stress the cable ever changing. 
all, large proportion, the cars are descending grades, the stress 
ascending grades, the stress approaches maximum, par- 
ticularly this condition arises during hours maximum travel. 

Several extensions were made this system, and the new Wood- 
land power station was built. There was also another line projected, 
built and operated from the power station first described, called 
Washington and Summit Street line, requiring rope 759 ft. 
length. 

Table No. shows the tests made the cables operated from 
Woodland Station, which have, with the exception Troost Avenue, 
been extended since the tests were made. 


The power station and machinery is, design, like that described 


above, the first station. After numerous tests, the following was 
adopted reliable result. (Table No. page 550.) 
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TABLE No. 


° ° | 
ko | = i 
o 2 
oes ga cov 
Troost Avenue, 600 
First tests, 28 x 48 ins..... | 34.16 25.4 | 31.53) 96.75|187.84 60}|Independence Avenue, 
| 8 571 ft. 
| | feet. 


this test, cables all taken off the drums and each indicated put back, 
Each set of drums required 5 H. P. 


The driving drums both power stations are from cast iron, and 
are cast solid, with grooves for ropes cast drums, and carefully 
turned down. The Woodland Station has the engines arranged end 
end, each engine shaft having independent balance wheels and in- 
dependent pinions, which pinions engage with the same driving gear 
the main shaft, one one side and the other the other side 
the gear. Asaresult this arrangement, one pinion drives down- 
ward, and the other upward. This not desirable arrangement, 
proposed work the engines together for any length time, 
operating the cables with their load. Recently became necessary 
impose the additional work operating the main line the Wood- 
land Station, addition the three roads operated daily from this 
station. This additional work requires the use both engines. 

The attempt use both engines was short duration, one 
pinion transmitted power the main gear downward, and the other 
the opposite side the gear upward. pinions, well 
gear, were dry loam castings; neither the pinions nor gear had cut 
teeth. There were inequalities and slight variations pitch, due 
strains and swells castings, when they were made. The pinions 
were not absolutely and theoretically alike, although intended 
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alike, and the very nature things could not be, unless they were 
cut. 

The engines and pinions would not work well together, and the 
disturbance was great, that, after the fracture one tooth, the 
operation the engines and pinions together was abandoned. 

will now consider the Cleveland City Cable Railway system 
which the late Colonel Paine was constructing engineer, and 
the writer consulting engineer. 

designing the machinery, was thought more desirable con- 
nect the engines directly the shafts, which nothing more 
than extension the engine shafts. The main shaft was 
placed between the driving drums, occupying exactly the same posi- 
tion that the intermediate shafts the Kansas City cable machinery 
occupies, and the intermediate gear the Cleveland case became 
clutch gears. 

The Cleveland engines are Wright automatic engines, ins., 
the fly-wheel with each engine weighing 115 000 lbs. Revolutions per 
minute, 64. 

The engines, stated, are connected with the main shaft, one 
each end, the main shaft having length 116 ft., and diameter 
16ins. The pinions engaging with the drum gears are ft. 
12-in. face, with pitch, which are arranged for plate 
friction clutches, Weston-Capen type. The gears are cast iron, dry 
loam castings, and are all ft. ins. diameter, 12-in. face, and 
pitch. The driving drums are eight number; the last four 
are not with their gears, placed position, the road 
operated them not having been built. The last set, however, 
shown the drawing, but have not been put those use vary 
diameter, that constant speed engine may had and differing speed 
ropes secured. One pair drums ft. diameter, one pair 
ft., and the remaining two pairs are ft. diameter. The drums 
have not solid rims, but are provided with renewable and movable 
steel groove rings known Walker’s patent rings. Each ring, which 
contains groove for the cable, independent the others, and this 
allows equalization stress, when necessary, the cables around the 
driving drums. order equalize this unequal stress the cable 
the use solid drums, the rope compelled slip the 
grooves the drums. using the differential rings referred to, the 
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rope does not slip, but the rings forming the grooves and rim 
the drums perform this action, and are kept thoroughly lubricated 
the inner side the ring where contact with the shell drum 
had. 

providing specifications for driving drums, the practice 
require the diameter the first groove solid drums slightly 
larger than the second and third for the reason, was maintained, 
that the wear the first groove would much greater than any 
the others. 

The examinations number solid drums after five six 
years use, have shown very great reduction the diameter 
the drums, amounting reduction from ins., 
due slip cable. majority the drums examined, however, 
showed that the greatest wear was the first groove. This condition 
drums naturally resulted great waste power, excessive and 
unequal stress the cable and its rapid wear, and early destruction 
rim. This, however, caused serious trouble, the 
grooves the solid drums were turned relatively the same 
diameter from time time, correct the trouble. The differences 
the drum grooves varying diameters are much 
greater than imagined, even though the difference diameter 
small. 


Each section cable drums, therefore, order maintain 
equal speeds under these conditions, must slip; slip occurs, ad- 
dition the wearing effect upon the grooves the driving drums and 
cable, also acts brake the rotation the drums, and thus 
more power required drive the cable. 

must remembered, that the operation all cable railways, 
increased adhesion the cable the driving drums secured 
means tension car with large sheave, which the cable passes 
from the driving drums, and from which sheave passes into the 
street. 


Attached this car, which has horizontal movement, chain 
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which passes deep pit the remote end the tension car track, 
which attached heavy tension weights, varying different cable 
railways from 000 the weights acting the 
able car, all slack coming into the station taken care of, well 
the resistance the driving drums maintained. 

this power station, crude oil used for fuel for the generation 
steam. 

The writer wishes now point out few interesting facts relating 
the test and computation power developed the operation 
these cable railways. 


TABLE No. 


CLEVELAND 


Name oF LINE. | SPEED PER Hour. | LENGTH OF CABLE. 


Went Payee 00000 12 miles 24 050 ft. 
West Superior Street (changed from 10 to 12 miles 

Bast Superior 23900 
Water Street (auxiliary cable, driven by West Super- 

for Street 7850 “ 


One the problems designing this railway was the operation 
the cable from the Post Office Park Water Street, West Superior 
Street, where electric cars, horse cars and cable cars are compelled 
use the same track, and where the headway cars, due the com- 
mon use this section the road, low certain hours 
minutes, 

From Superior Street the line follows Water Street the Union 
Depot. This difficulty was met operating this section the rail- 
way means auxiliary cable 850 ft. length, driven 
means auxiliary driving machinery vault under Superior Street, 


the Post Office. The auxiliary machinery driven power 
taken from the West Superior Street main cable, which runs speed 
miles per hour, and which, turn, the arrangement the 
auxiliary machinery, operates the auxiliary cable the Union Depot 
speed miles per hour. 


| 
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TABLE No. 
CLEVELAND Crry CaBLE 
(Table Illustrating Brake Action Friction Clutches.) 


Indicated Length of 

Test. Loan. horse-power, | cables in ft. 
Recess Engine and line shaft only. 143.65 It will be noticed that the 
2.... |Engine, line shaft and East sum of the H. P. of the in- 
Superior Street cable only. 173.51 23 900 dividual tests of each cable 
3.....|/Engine, line shaft and West (without cars) is 802.03 H. 
Superior Street cable only | P., which sum, if correct, 
(auxiliary cable).......... 141.50 24 300 would equal the power re- 
B...08 Engine, line shaft and West quired to drive all the ca- 
Payne Avenue cable only. 158.93 24 050 bles empty. Test No. 6 
B. wee Engine, line shaft and East gives the actual power re- 
Payne Avenue cable only. 184.44 25 300 quired to operate all the 
— cables with 30 trains and 
802.03 ibeir load as 509.56 H. P., 
which is correct, as the 
clutches, when all thrown 
S.cwss All cables in operation and in, could not exert brake 
30 trains or 64 cars in oper- action. The difference be- 
ation...... 509.56 tween these amounts is 
brake ection 292.47 H. P. 
DUMSTONCS. 060 60000000 292.47 The total brake action in 


tests for cables only ex- 
ceeds this amount by the 
power required for cars, 


Total power computed from first series cards, 

which were taken when all the cables were 

operation, including auxiliary and including also 

engine and shaft resistance, 487.14 
Total power determined individual test cables, 

first taking cards for all cables, and then 

throwing out one cable and indicating the others, 

and thus testing each cable, the same manner, 

without engine and shaft friction, gave indi- 

Engine and shaft friction, shown 


will observed that the high-speed cables require much more 
power per linear foot than the other cables when considered independ- 
ent curves. 

The cables are all weigh 2.6 per linear foot. 

The tests illustrating brake action are given for two purposes, one 
illustrate the fact that all tests made cable plants and power de- 


veloped cannot relied upon, and also for the purpose pointing 
out the elements error these tests, 
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Shortly after the indicator cards were examined, and the computa- 
tion power made, the company was notified that one more the 
friction clutches were out adjustment. Before the difficulty was 
corrected, many occasions was noticed that the West Superior 
cable clutch, thrown out temporarily for the purpose making neces- 
sary examination the cable, would almost instantly become heated, 
and several occasions became hot that stream water from 
and its movements developed the fact that the horizontal movement 
the plates constituting the clutch was not sufficient, and generally left 
the plates slightly contact with the fixed plates that rotated with the 
shaft, when the lever was position that should maintain absolute 
separation the friction plates. The only means relief was take 
the cable off the driving drums when needed repairs, throw the clutch 
in, and operate the empty drums with the rest the machinery, until 
the cable had been repaired, when the drums were for few minutes 
stopped and the cable replaced them and again started. These de- 
fects were corrected and the clutches properly adjusted. 

another occasion, the tests made determine the power devel- 
oped during hours maximum travel, when compared with the power 
required operate empty cables the same day, developed the fact 
that the clutches were all more less acting brakes the empty 
cables tested, the others This could have effect upon the 
work the engine all the cables were operation, but any one 
the cables had been stopped for any purpose, brake action the rest 
would immediately take 

was discovered that the engineer had not properly lubricated the 
friction plates the clutches, which had become gummed with 
old oil and which caused the plates the clutch adhere each other. 
was found that cards Test No. (in Table No. gave mean 
resistance 143.65 P., and cards Test No. (in the same table) 
gave 141.50H. This more remarkable understood that 
the work the engine shown cards Test No. which are 
supposed indicate only the power developed operating engine 
and main shaft, all the driving drums and cables remaining idle, there 
added the West Superior Street cable, 300 ft. length, driven 
miles per hour, and the auxiliary machinery the Post Office, 
including its cable, 850 ft. length. 
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The fact was developed subsequent tests, that the power required 
operate the West Superior Street cable auxiliary machinery and its 

The power test the Cleveland Cable Railway, illustrated Table 
No. correct, and was made after clutches had been properly 
adjusted. 

needless say many tests, this brake action 
clutches has not been noted, and the world informed that the re- 
sistance cable machinery too high, and considerable economy 
can secured the operation cable railways. 

Thus errors creep into census bulletins, lectures and papers 
the subject cable traction. 

The Denver City Cable Railway system, is, perhaps, the largest 
single cable plant the country, that is, there are more miles cable 
railway operated from its power station than from any other single 
power station the world, which affords very excellent opportunity 


studying the question power transmission its relation 


railways. The writer, designing this system, concluded use 
cotton rope belt transmission from the engine the main shaft, and 
thus away with the necessity using cast-iron pinions the engine 
shaft, and large extra gear the main shaft. order operate the 
system from central power station, became necessary 
secure certain piece property, the only remaining available piece 
being too small area attempt the construction any but very 
compact plant. Therefore, rope and belt transmission was not con- 
sidered the final design for this machinery. 
From the power station there are six cables operated, having the 
following lengths and speeds: 


TABLE No. 
Denver Crry 

Boenee Larrimer Street..... 10 miles. 14% in, 2.6 23 100 feet. 
3......| Seventeenth Avenue. es ad ee 31347 
West Denver. ..._ .. es es 28000 
6......| North Denver....... 25270 “ 


Total lin, ft. 
over 33 miles. 175817 “ 
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The engines are automatic cut-off engines, two number; cylinder, 
ins. diameter; stroke, ins. engine shaft, ins. diameter; fly- 
wheel, 20ft. diameter, weighing Revolutions per 
minute, 56. 

the engine shaft, between the engines, are arranged two pinions 
bolted together side side, staggered that the teeth one alter- 
nate with the teeth the other. The diameter these pinions 
ft. each 20-in. face, making total face the pitch, 
ins.; total weight, 000 Ibs. 

The gears the main shaft were ft. in. diameter, 
face, each staggered like the pinions, making total face ins.; 
pitch, ins.; total weight, 000 Ibs. 

The large gear was allowed run oil the lower side the gear 
pit. The peripheral speed these large gears was 257 ft. per minute. 

The pinions the main shaft engaging with drum gears are all 
clutch gears, and are 12-in. face, ins. diameter. The pinions 
the intermediate shaft are ft. diameter, 12-in. face, and 4}-in. 
pitch. gears are ft. diameter, 12-in. face, and 
pitch. The driving drums are ft. diameter and have six grooves, 
All pinions and gears are from cast iron, and are dry loam castings, and 
are not cut gears. 

For two years the large engine gears worked very satisfactorily in- 
deed, although, with the heavy work performed, they occasioned con- 
siderable noise and jar. Finally, one night, when the engines were 
about cease operations, two teeth one the large gears broke, 
but the other gear 20-in. face was still perfect condition. The 
mean horse-power developed during the day was about 800 The 
writer advised the operation the road with the single gear 
face, this had ample capacity transmit the maximum power re- 
quired for the operation the cable railway. 

This gear ran for several months, when the pinion developed 
fracture. New gears were substituted, well new pinions; these 
were made from cast iron, and were not cut gears. 

was made the designs and arrangement these gears 
and pinions. The pinion 111.9 ins. diameter, 32-in. face, 8.57-in. 
pitch. The gear 152.8 ins. diameter, 32-in. face, 8.57-in. pitch, 
and were single pinion and gear, and cast halves, instead double 
gears before. 
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These operated successfully for period seven eight months, 
when again during the night, reported, the engine frame was 
fractured, and the rim the large gear cracked. These injuries were 
repaired and the road operated befor 

Cast-steel cut gears will soon substituted for the cast-iron 
pinions and gears now use. These will have the same dimensions 
the first gears and pinions described same weight, same diameter, 
but pitch 6ins. instead ins. 

There reliable explanation given the engineers charge 
that throws much light these accidents. One thing can relied 
upon, that the power developed operating the cars and cables 
not sufficient strain the pinions gears, cause the fractures 
referred to. the operation the road, unusual strains occur, 
imposing sudden destructive shocks engine and gears. sudden 
and irresistible strain must have occurred occasion these fractures. 
The cause was not fully determined, but the conclusion was that they 
might have been occasioned the following causes 

First.—By water the engine cylinder. 

Second.—By the high speed gear and irregular gear teeth. 

Third.—By inadjustment the main shaft. 

Fourth.—By loose bolts holding the gears together. 

Fifth.—By strain castings, due forcing halves together. 

was discovered that, during the night the accident, consider- 
able water had accumulated the cylinder during the two hours 
following the close the night. this statement true, then the 
these accidents due, doubt, the accumulation 
water the engine cylinders; the gear speed high, but other 
work trouble has arisen account high gear speed, and the 
fact that for two years trouble arose tends indicate that the 
fracture gears and pinions was due some other cause. 

The road machinery well maintained and offers more resist- 
ance operation cable than found the best-designed cable 
railways. The gauge track 3ft. and6ins. There are seven right- 
angle curves the system, and five curves covering 45° circle. 
Two large steel viaducts form part the system. the Denver 
machinery, other plants, there were indications that more power 
was being developed than was really necessary for the operation 
cable and cars. The grooves the driving drums were found 
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considerably worn, having irregular depths. The writer had series 
tests made, which were placed the care his principal assistant, 
Mr. Towson. After considerable experimenting and careful testing, 
was assumed that this road the power required operate 
various special parts the cable railway was follows 

One 90°, ft. radius, double-track curve, 20.64 

One 45°, ft. radius, double-track curve, 10.34 

Elevating and depression and let-go sheaves, 0.503 

Each linear foot cable, straight track, for cable only (not in- 
cluding engine and machinery resistance), .001612 

Applying these factors the computation power required for 
the cables question, and comparing the results with the results 
secured actual test later date, will interesting. 


TABLE No. 


Denver 


Cable Length Actual unac- Remarks 
No. Name of line, rope. | power, power. |counted for. 
Feet. H, P. H.P. 
Larrimer Street....... 23 100 60.352 126.297 65.945 
Sloan's Lake....... . 31 250 77.614 100.54 23.023 
Seventeen'h Street..... 11 850 26.647 27.827 1.18 
Welton Street...... 36 850 133.001 208. 7: 75.727 
Seventeenth Avenue... 25 207 73 187 74.195 1.008 
North Denver...... eee 25 271 52.639 53.695 1,056 
West Denver.......... “8 Not in op- 
eration, 
423.27 591.192 167.942 


The great difference between what given the theoretical test 
(deductions from experiments), and the power actually developed 
the tables, evidence either error defective machinery. 
was due largely the latter. were aware, stated, the fact 
that several the driving drums, which were solid rims, had worn 
considerably, and needed re-turning order secure uniform diame- 
ters. machinery was all thoroughly readjusted, and the driv- 
ing drums were accurately turned, uniform diameter, and the 
inaccuracies corrected. account the absence the engineer, 
cards were not taken immediately after the drums were turned. 

Mr. Towson, however, was Denver when the drums operating 
Cable No. (Welton Street Cable) were re-turned and adjusted, and 
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secured cards from the engine immediately afterwards, which showed 
actual saving over the power required drive this 
cable before the drums were turned. will observed that this 
amount little excess the amount indicated the power un- 
accounted for opposite Cable No. one question. After all the 
tests were carefully examined and compared, the result showed that 
the total power saved re-turning these drums and adjusting the road 
machinery aggregated 200 

The actual test referred Table No. was made follows: 

The total power required drive six cables empty (without cars) 
was determined, one the cables was then stopped, and the power 
for the remaining five operation determined. 

The difference between the power required for the six cables and 
that required for the five cables the power required for the cable 
question. This method stopping one cable and indicating all the 
others, that each indication five cables were operation, was 
followed throughout the test, thus securing result that does not in- 
clude the loss transmission through the engine, gears, and main 
shaft. The clutches were not all good adjustment when these 
tests were made, and when all the cables were stopped and cards taken 
for the engine and shaft resistance, the brake action due the clutches 
was such make the cards little value. making the test 
below, only one clutch was thrown out during each indication, which 
was watched and adjusted that great error could enter the com- 
putation. 

The Welton Street cable has three right-angle double-track curves 
and one 45° curve, and had cable use that was made with large 
outside wires, making ridged. This character cable was adopted 
for the purpose securing longer life, which was not realized, but 
which required little more power than one with smaller wires the 
outside surface cable. 

good example power required operating cable railway may 
found the Missouri Railway’s Olive Street line, St. Louis, 
Mo. double track, 4.75 miles length. There are two right- 


angle curves and two curves 300 ft. radius, ft. long; also one 
1000 ft. radius ft. long, and one 300 ft. radius and ft. long, and 
two 600 ft. radius and ft. long. The curves outside the right angle 
curves are not very objectionable. 
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There are two cables, one downtown ft. long, and one up- 
town ft. long, giving total length 49048 linear feet, weigh- 
ing 2.6 lbs. per linear foot. Power required operate cables, 048 
ft., and engine only, P., 0.0028 per linear foot cable. 

The late Colonel Paine, Am. Soc. the writer, 
made tests the Tenth Avenue Cable Railway, New York City, which 
was constructed the late Miller, E., and Colonel Paine, 
who also constructed the East River Brooklyn Bridge cable the 
same city. 

The engines are automatic engines, cylinders ins. diameter 
48-in. stroke, revolutions per minute. The engines and machinery 
are arranged something like the Denver plant. The resistance 
engine and main-shaft resistance was equal 58.95 The resist- 
ance engine, main shaft and one set drums, with their shafts 
and gears, was equal 71.74H.P. engine, shafting, 
one set drums, gears and cable was equal Power 
required per linear foot cable, miles per hour, not including ma- 
chinery resistance, 0.0015 

paper relating the subject cable railways would not 
complete without reference the Chicago City Railway, for the rea- 
son that this road was one the pioneer roads the country, and has 
demonstrated that cable railways can meet all the conditions imposed 
reason climatic changes. 

The writer indebted Mr. Robert Hill, Chief Engineer this 
railway, for the information presented relating it. 

There are two power stations this system, one Fifty-fifth Street 
and Cottage Grove Avenue, and the other Twenty-first and State 
Streets. The former plant consists two Wheelock automatic engines, 
ins. diameter and 72-in. stroke, and one always reserve case 
emergency. 


The engine operates four cables 
No. 10. Cable Fifty-fifth Thirty-ninth Street and 
No. 11. Cable Fifty-fifth Seventy-first Street and 
No. 12. Cable Fifty-fifth Street Lake Avenue and 
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Revolutions engine, per minute. 

The line shaft gears have teeth. 

The drum shaft gears have teeth. 

The drum shaft revolves the rate 28.9 rotations per minute. 

The driving drums have diameter ft. and 

The cables are driven speed 13.76 miles per hour. The total 
power required operate all the cables and the machinery without 
cars 382 P., 0.0064 per linear foot. The maximum ten- 
sion the cables during operating hours, when travel was the maxi- 
mum, equaled 420 pull 0.175 per linear foot 
cable. order determine the actual work performed and the load 
the cables when the cars were operation, series cards were 
taken from the engines. 

From examination time tables and trip sheets conductors, 
the load cables can approximated. The following table gives the 
result such tests, based the indicator cards selected. 

Mean powers (maximum), less power operate 


Mean net power perton ofload oncables(maximum) 1.68 
Mean power maximum cards........... 
Mean power all cards, less power drive empty 

Mean power per ton load, less power drive 

Mean power (maximum cards) per ton load 

Variation horse-power per ton load cables 


Similar tests were made the Twenty-first Street power station. 
Engines two number, cylinder ins. diameter and 60-in. stroke; 
same type engine used Fifty-fifth Street station. 


Length, 

Cable No. Power Station Madison Street 

Cable No. Power Station Wabash Avenue 

and Twenty-second Street and 

Cable No. Auxiliary for Cable No. Madi- 

Cable No. Auxiliary for Cable No. 3...... 4700 


Total length cables........ 222 lin. ft. 
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These engines make revolutions per minute. Gear main 
shaft has teeth spur gear line shaft has pinion line shaft 
has teeth spur gear drum shaft, teeth. makes 
39.8 revolutions per minute. Drum shafts make 20.27 revolutions per 
minute. Diameter driving drums, bottom grooves, ft. ins. 
Speed cables, 9.65 miles per hour. Power required operate 
empty cables and machinery, 294 Tension cables, 420 
pull 0.127 lbs. per linear foot cable. Power required per 
linear foot cable drive them normal speed, including machinery, 
0.0055 per linear foot cable. 

Tests were made determine the power developed during the 
hours maximum travel during the morning, with the view 
making comparisons with the other tests Fifty-fifth Street station. 


Mean power maximum 642.4 
Mean maximum powers, less power drive 

Mean maximum powers per ton load....... .428 
Mean power minimum cards.......... 483. 
Mean power per ton load, less power drive 

Mean power during tests, less power drive 

Mean maximum powers per ton load 

Variation power per ton load cable..... 


Tests were made determine the power required operate the 
cables varying speeds. 

Fifty-fifth Street and Cottage Grove Avenue speed 9.65 
miles per hour was tested, being the same speed Cables Nos. 2and 
the Twenty-first Street power station. After the cars had been 
taken off the various lines for the night, was found that order 
drive the empty cables 13.76 miles per hour, 300.6 was devel- 
oped, while the power required drive them 9.65 miles per hour, 
only 184 was developed. 

The first test Fifty-fifth Street developed the fact that the pull 
per foot cables, including engine and machinery resistance, was .175 
and that made Twenty-first Street station was .215 lb. per 
linear foot cable. The last test Fifty-fifth Street station demon- 
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strated that the pull equaled .137 lb. per linear foot cable, 
speed 13.76 miles per hour, and .119 Ib. speed 9.65 miles per 
hour. 
This difference, Mr. Hill says, may accounted for follows 
first test was made when starting the cables the morning, 
before any the bearings were thoroughly warmed and lubricated. 
The last tests were made night, after operating hours, and immedi- 


ately after the cars had been taken off the street. Thus the midnight 
test offered the most favorable conditions.” 


The difference the tests .038 per linear foot cable, 
which Mr. Hill thinks not excessive when all the conditions are 
considered. The greatest resistance per linear foot cable was 
found the Twenty-first Street station, starting the morn- 
ing, which amounted .215 lb. per foot, due, doubt, the down- 
town loops and the circuitous route the Wabash Avenue cable. The 
difference between the resistance per linear foot cable between the 
Fifty-fifth Street station and the Twenty-first Street station was found 
.04 percent. The most satisfactory tests were made the Fifty- 
fifth Street power station. Here the same cable was operated vary- 
ing speeds, and the tests made when the conditions remained 
unchanged. The ratio the speeds were 9.65 13.76 miles per hour, 
equal 1.43; the ratio the pull per lineal foot .119 equal 
1.14. 

letter relating these tests Mr. Hill says 

the pull the cable was constant, then the horse-power 
required pull the cable would direct proportion the speed 
the cablé, hence 9.65 13.76 184 262 P.; but was found that 
required 300.5 propel the cable speed 13.76 miles per 
hour, and the difference more power than that 
which might result from increase speed, which must due 
increased friction, etc. 

The cable being increased 43% speed, calls for corresponding 
increase horse-power drive it, from which can seen 
that for each increase speed, there should increase 
1.47% horse-power.” 

The question engine and machine resistance transmitting 
power subject that does not receive the attention demands. 
Engineers too often underestimate the power lost its initial trans- 
mission, due engine and machinery resistance. Mr. Alfred Saxon, 
paper read before the Association Engineers, Manchester, Eng., 
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related the results secured, after making careful tests and experi- 
ments engine and machine friction numerous cotton mills. 
found that the friction under load was greater than ordinarily esti- 
mated. Interesting comparisons were made, among which were the 
following: ten tests spur-gearing machines developed the fact that 
the friction under load averaged the indicated horse- 
power. Eight examples rope transmission rope-driving engines 
showed that under load the average friction was 
horse-power. 

Belt-driving engines under load developed resistance 27.6% 
the indicated horse-power. Direct coupled engines showed resist- 
ance the indicated horse-power. 

Mr. Saxon, during his lecture, said: ‘‘Spur-gearing engines give 
best results when not complicated with rope drive. Rope driving 
engines show the best results high rope speeds, and that 
direct driving from main drum very 
engines for developing large powers are only equal the average 
rope-driving engine, with fewer advantages other respects; and 
finally that the direct acting type engines likely very 


Comparisons are valuable considering the question power 
transmission applied cable railways, for the reason that 
many engineers favor rope driving, and can see special advan- 
tage gear transmission, while others favor machinery driven 
belt. 

the Kansas City tests, was found that the average friction 
engine shaft and main shafting gears, and not including driving 
drums, gears and pinions, based something over 300 indicator cards, 
averaged the total horse-power developed. 

The Cleveland City Cable Railway engines and machinery developed 

Rope and belt driven machinery has the advantage over gearing 
that noise very materially reduced. 

find that the power required per linear foot cable in. 
diameter, weighing from 2.5 per linear foot, operated 
the speed given, follows: 
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TABLE No. 12. 


Kansas Crry 


| | 


Length Speed cables 


per linear foot REMARKS. 
cable tested. | Miles per hour. of cable. 


LocaTion. 


Feet | 
i! Troost Avenue......... 33 600 | 9.7 -0031 Cast carrying pul- 
ameter, 
journal, 
Washington Street..... 23 759 8.0 -0029 Cast carrying pul- 
eter, }}-in. jour- 
nal, wegbt 19 
| | Ibs,, 32 ft. apart. 
22 000 7.3 | -0017 | Corrugated steel 
| pulley, 22 ins, 
diameter, weight 
| 22 000 7.3 -0029 | Cast-iron pulley, 
22 ins. diameter, 
i } | weight 76 Ibs., 
| | §-in. journal. 
Hf Independence Avenue..| 8 571 8.0 -00296 Cast-iron pulley, 
i 22 ins. diameter, 
journal. 
East Ninth Street...... 202 8.0 -00508 Curve was prob- 
| | | ably in bad ad- 
| justment. 


(Not including engine friction.) 


TABLE No. 13. 


CLEVELAND 


Horse 
Locatiox. cables tested. | Miles per hour.) REMARKS, 
| | 
Feet. | | 
East Superior Street.... 23 900 14 } 0.00328 Practically no 
curves this 

West Superior Street... 24 300 12 0.00252 | Practically no 

curves this 
} cable, 

East Payne Avenue..... 25 300 12 0.00569 | Four right-angle 
double - track 

West Payne Avenue.... 24 050 12 | 0.00233 No curvesin this 
cable, 

Water Street Auxiliary.. 7 850 4 } 0.00184 One double-track 

right-angle curve 


(Not including engine 
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TABLE No. 14. 


Denver 


LocaTIon, Length of 


| Feet. 
Larrimer Street........ 23 100 
Sloan’s Lake........... 31 250 
Seventeenth Street.... 850 
Welton 850 
Seventeenth Avenue. | 25 297 
North Denver.......... 27 270 


Speed in 
cables tested. miles per hour. 


10 


10 


Horse-power 
per linear foot REMARKS, 

of cable, 

-00546 Conduit was not 
clean; much dirt 
in it. 

-00322 Three double-track 
cable crossings. 

-00235 Two double-track 
cable crossings. 

- 00566 Three double-track 
curves; one 
doub le- track 
cable crossing. 

One 
curve and one 
60° curve, 

-002120 One 40° curve; 
one double-track 


| cable crossing. 


(Not including engine friction.) 


TABLE No. 15. 


Horse-power 
r linear foot 
of cable. 


REMARKS 


All cables con- | Individual cables 
sidered .0064. not tested. 


Individual cables 
not tested. 
All cables con- 
sidered .0055. 
eee Auxiliary cables, 


Length of Speed in 
Location. cables tested. | miles per hour. pe 
WO. 22 572 13.76 
WO. 22 472 13.76 
10 868 13.76 
cvccoves 3 786 

20 302 9.65 
23 620 9.65 


sees Auxiliary cable. 
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The tests this paper are submitted the result actual in- 


vestigations relating the transmission power for cable railway 


operation. 


